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Abstract 
 
Box-Ironbark forests occur on the inland hills of the Great Dividing Range in 
Australia, from western Victoria to southern Queensland.  These dry, open forests are 
characteristically dominated by Eucalyptus species such as Red Ironbark E. tricarpa, 
Mugga Ironbark E. sideroxylon and Grey Box E. microcarpa.  Within these forests, 
several Eucalyptus species are a major source of nectar for the blossom-feeding birds 
and marsupials that form a distinctive component of the fauna.   
 
In Victoria, approximately 83% of the original pre - European forests of the Box-
Ironbark region have been cleared, and the remaining fragmented forests have been 
heavily exploited for gold and timber.  This exploitation has lead to a change in the 
structure of these forests, from one dominated by large 80-100 cm diameter, widely - 
spaced trees to mostly small (>40 cm DBH), more densely - spaced trees.   
 
This thesis examines the flowering ecology of seven Eucalyptus species within a 
Box-Ironbark community. These species are characteristic of Victorian Box-Ironbark 
forests; River Red Gum E. camaldulensis, Yellow Gum E. leucoxylon, Red 
Stringybark E. macrorhyncha, Yellow Box E. melliodora, Grey Box E. microcarpa, 
Red Box E. polyanthemos and Red Ironbark E. tricarpa.  Specifically, the topics 
examined in this thesis are: (1) the floral character traits of species, and the extent to 
which these traits can be associated with syndromes of bird or insect pollination; (2) 
the timing, frequency, duration, intensity, and synchrony of flowering of populations 
and individual trees; (3) the factors that may explain variation in flowering patterns 
of individual trees through examination of the relationships between flowering and 
tree-specific factors of individually marked trees; (4) the influence of tree size on the 
flowering patterns of individually marked trees, and (5) the spatial and temporal 
distribution of the floral resources of a dominant species, E. tricarpa. The results are 
discussed in relation to the evolutionary processes that may have lead to the 
flowering patterns, and the likely effects of these flowering patterns on blossom-
feeding fauna of the Box-Ironbark region. 
 
Flowering observations were made for approximately 100 individually marked trees 
for each species (a total of 754 trees).  The flower cover of each tree was assessed at 
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a mean interval of 22 (+ 0.6) days for three years; 1997, 1998 and 1999.  The seven 
species of eucalypt each had characteristic flowering seasons, the timing of which 
was similar each year.  In particular, the timing of peak flowering intensity was 
consistent between years. Other spatial and temporal aspects of flowering patterns 
for each species, including the percentage of trees that flowered, frequency of 
flowering, intensity of flowering and duration of flowering, displayed significant 
variation between years, between forest stands (sites) and between individual trees 
within sites.  All seven species displayed similar trends in flowering phenology over 
the study, such that 1997 was a relatively ‘poor’ flowering year, 1998 a ‘good’ year 
and 1999 an ‘average’ year in this study area.    
 
The floral character traits and flowering seasons of the seven Eucalyptus species 
suggest that each species has traits that can be broadly associated with particular 
pollinator types.  Differences between species in floral traits were most apparent 
between ‘summer’ and ‘winter’ flowering species.  Winter - flowering species 
displayed pollination syndromes associated with bird pollination and summer -
flowering species displayed syndromes more associated with insect pollination.  
Winter - flowering E. tricarpa and E. leucoxylon flowers, for example, were 
significantly larger, and contained significantly greater volumes of nectar, than those 
of the summer flowering species, such as E. camaldulensis and E. melliodora.   
 
An examination of environmental and tree-specific factors was undertaken to 
investigate relationships between flowering patterns of individually marked trees of 
E. microcarpa and E. tricarpa and a range of measures that may influence the 
observed patterns. A positive association with tree-size was the most consistent 
explanatory variable for variation between trees in the frequency and intensity of 
flowering. Competition from near-neighbours, tree health and the number of shrubs 
within the canopy area were also explanatory variables.   
 
The relationship between tree size and flowering phenology was further examined by 
using the marked trees of all seven species, selected to represent five size-classes.  
Larger trees (>40 cm DBH) flowered more frequently, more intensely, and for a 
greater duration than smaller trees.  Larger trees provide more abundant floral 
resources than smaller trees because they have more flowers per unit area of canopy, 
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they have larger canopies in which more flowers can be supported, and they provide 
a greater abundance of floral resources over the duration of the flowering season.   
 
Heterogeneity in the distribution of floral resources was further highlighted by the 
study of flowering patterns of E. tricarpa at several spatial and temporal scales.  A 
total of approximately 5,500 trees of different size classes were sampled for flower 
cover along transects in major forest blocks at each of five sample dates. The 
abundance of flowers varied between forest blocks, between transects and among 
tree size - classes.  Nectar volumes in flowers of E. tricarpa were sampled. The 
volume of nectar varied significantly among flowers, between trees, and between 
forest stands.  Mean nectar volume per flower was similar on each sample date.   
 
The study of large numbers of individual trees for each of seven species was useful 
in obtaining quantitative data on flowering patterns of species’ populations and 
individual trees.  The timing of flowering for a species is likely to be a result of 
evolutionary selective forces tempered by environmental conditions.  The seven 
species’ populations showed a similar pattern in the frequency and intensity of 
flowering between years (e.g. 1998 was a ‘good’ year for most species) suggesting 
that there is some underlying environmental influence acting on these aspects of 
flowering.    
 
For individual trees, the timing of flowering may be influenced by tree-specific 
factors that affect the ability of each tree to access soil moisture and nutrients.  In 
turn, local weather patterns, edaphic and biotic associations are likely to influence 
the available soil moisture.  The relationships between the timing of flowering and 
environmental conditions are likely to be complex.   
 
There was no evidence that competition for pollinators has a strong selective 
influence on the timing of flowering.  However, as there is year-round flowering in 
this community, particular types of pollinators may be differentiated along a 
temporal gradient (e.g. insects in summer, birds in winter). This type of 
differentiation may have resulted in the co-evolution of floral traits and pollinator 
types, with flowers displaying adaptations that match the morphologies and energy 
requirements of the most abundant pollinators in any particular season. 
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Spatial variation in flowering patterns was evident at several levels.  This is likely to 
occur because of variation in climate, weather patterns, soil types, degrees of 
disturbance and biotic associations, which vary across the Box-Ironbark region.  
There was no consistency among sites between years in flowering patterns 
suggesting that factors affecting flowering at this level are complex.  
 
Blossom-feeding animals are confronted with a highly spatially and temporally 
patchy resource. This patchiness has been increased with human exploitation of these 
forests leading to a much greater abundance of small trees and fewer large trees. 
Blossom-feeding birds are likely to respond to this variation in different ways, 
depending upon diet-breadth, mobility and morphological and behavioural 
characteristics.  
 
Future conservation of the blossom-feeding fauna of Box-Ironbark forests would 
benefit from the retention of a greater number of large trees, the protection and 
enhancement of existing remnants, and revegetation with key species, such as E. 
leucoxylon, E. microcarpa and E. tricarpa. The selective clearing of summer 
flowering species, which occur on the more fertile areas, may have negatively 
affected the year-round abundance and distribution of floral resources.  The 
unpredictability of the spatial distribution of flowering patches within the region 
means that all remnants are likely to be important foraging areas in some years. 
  
Chapter 1 
 
General Introduction 
 
Literature review, Thesis outline, Box-Ironbark study area. 
 
Introduction 
 
The aim of this introduction is to provide a background to the genus Eucalyptus, and 
to discuss the breeding biology and ecology of flowering plants in general, with 
reference to eucalypts where appropriate.  Questions that will be addressed include; 
why do species display such diversity in floral traits and flowering times?  What role 
might pollinators play in the evolution of Angiosperms?   Why is there variation 
between individual plants in the duration and intensity of flowering?   
 
The second part of the introduction outlines the structure of this thesis on the 
flowering phenology of a eucalypt community in the Box-Ironbark region in 
Victoria, southeast Australia.  The third section provides an introduction to the Box-
Ironbark study region, and the taxonomy of the seven Eucalyptus species, which 
form the subject of this study.   
The  genus Eucalyptus  
 
The genus Eucalyptus (Myrtaceae) includes approximately 700 species, most of 
which are endemic to Australia (Brooker and Kleinig 1994).  Eucalypts dominate 
much of the forests and woodland areas of Australia, extending from areas of high 
rainfall to semi-arid regions, and from sea-level to sub-alpine altitudes (Groves 
1994).  Eucalypts are physiologically and morphologically diverse, ranging in habit 
from small shrubs to the tallest angiosperm in the world (E. regnans) (Chippendale 
1988). 
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Taxonomy of eucalypts 
Eucalypts are distinguished from other genera within the family Myrtaceae by the 
floral characteristic of an operculum (single or double), which is a cap covering the 
reproductive organs prior to anthesis (Boland et al. 1984).  Eucalypts have been 
classified traditionally as two genera; Angophora Cav. and Eucalyptus L’Her. 
(Briggs and Johnson 1979).   
 
Taxonomy of Eucalyptus (Censu. lat.) is often difficult and several classifications 
have been proposed (see Ladiges 1997).  Treatments have included the use of 
subgenera, section, series, superseries, and species (Pryor and Johnson 1971; 
Brooker and Kleinig 1994).  Two major subgeneric groups in this classification are 
Symphyomyrtus and Monocalyptus (Pryor and Johnson 1971).   Many treatments of 
the genus (e.g. Chippendale 1988) do not deal with the issue of major groups within 
the genus but focus on descriptions of each species.   
 
Several features have been used to classify groups within Eucalyptus, based around 
parts of the flower structure (Mueller 1879-84; Maiden 1903-33; in Ladiges 1997). 
Flower structures have traditionally been used in classification because they are 
relatively stable compared to other plant features (Lawrence 1951).  Classifications 
of eucalypts have often been based upon operculum types, anther characteristics (e.g. 
adnate, presence of staminodes), stigma morphology, arrangements of ovules on the 
placenta and fruit characteristics (Blakely 1965; Pryor and Johnson 1971; Pryor 
1976).  Potentially more informative characters relate to ovules and seed coats, 
cotyledons, hair and bristle glands, pith ducts and conflorescences (Ladiges 1997).   
The eucalypt flower 
Eucalypt flowers are produced from the current season’s shoots in the outer crown 
(Beardsell et al. 1993).  A flower bud consists of a stalked or sessile hypanthium 
surmounted by one or two opercula (Boland et al. 1984) (Fig. 1.1).  The operculum 
in most species comprises two caps, which are interpreted as the fusion of the 
tetramerous calyx and corolla (Boland et al. 1984).   
 
At anthesis the operculum is shed exposing the numerous anthers (Fig. 1.1).   The 
folded filaments begin to expand and unfold, beginning with the outer whorl (House 
1997).  The flower is epigynous with the hypanthium containing the ovary and 
subtending style, which is surrounded by whorls of stamens attached to a 
staminophore or staminal ring (House 1997) (Fig. 1.1).  The anthers are the most 
conspicuous part of the flower. The hypanthium is a hollowed receptacle within 
which the nectar is found (Pryor 1976) (Fig. 1.1).  Flowers are usually small, with 
outer hypanthium width ranging in different species from 3 - 40 mm (Chippendale 
1988).  Several hundreds, or hundreds of thousands of flowers may be produced on a 
single tree (Cremer et al. 1978).  
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Buds are grouped into inflorescences, which are arranged in groups of 1, 3, 7, 11, 15 
or more, depending on the species (Pryor 1976).  In most species, inflorescences 
develop laterally within leaf axils as branched or unbranched bud clusters among 
foliar material (House 1997).  In ‘Ironbark’ and ‘Box’ eucalypts (subgenus 
Symphyomyrtus) several pedunculate bud clusters are formed at the leafless ends of 
branchlets (House 1997).  The time from bud development to anthesis may take a 
few months to more than two years (Moncur and Boland 1989; Ellis and Sedgely 
1992).  Buds are lost at all stages through natural abscission, fungal infection and 
gall-insect attack (Florence 1964; Ashton 1975 a,b; Landsberg 1988).   
 
Cream-white flowers (anthers) dominate in most species of the genus with more 
brightly coloured flowers restricted mostly to species growing in south-western 
Western Australia (Chippendale 1988).  In south-eastern Australia, brightly coloured 
forms are rare, with the exception of the red flowering forms of Yellow Gum E. 
leucoxylon (Williams and Brooker 1997).  
 
The flowers are protandrous, with pollen available to pollinators while the stigma 
remains dry and unreceptive (Pryor 1976).  Nectar is first produced early in anthesis, 
from immediately post-operculum shed to 1-2 days later (Griffin and Hand 1979; 
Bond and Brown 1979; Moncur and Boland 1989).  The development of flowers 
within inflorescences is sequential and gradual, allowing for geitonogamous self-
pollination, and encouraging frequent and repeated visits to flowers by pollinators 
(Griffin 1980; House 1997).  
 
Breeding systems 
 
Current knowledge of eucalypt genetics and breeding systems are limited to a few 
commercial or rare species from the Symphyomyrtus and Monocalyptus subgenera 
(Potts and Wiltshire 1997).  The genetic basis of self-incompatibility and inbreeding 
depression, seed- and pollen-mediated gene flow and the adaptive significance of 
many morphological and phytochemical characteristics are unknown (Potts and 
Wiltshire 1997).  
 
Eucalypts are commonly self-compatible, but the breeding system is one of mixed 
mating with preferential outcrossing, which is displayed in the reduction of seed 
 15
yield and seedling vigour after self-pollination compared with cross pollination 
(Griffin et al. 1987; Eldridge et al. 1993). Recent studies have shown that seed 
paternity reflects the level of self-incompatibility of each tree, and that the number of 
seeds set per capsule following mixed pollination is significantly less than that 
following cross-pollination in E. globulus ssp globulus trees (Pound et al. 2002; 
Pound et al. 2003).  For this species, a late-acting self-incompatibility mechanism 
operates to abort a certain proportion of self-penetrated ovules (Pound et al. 2003). 
 
Hybridization is rare in eucalypts, and it is unlikely that hybridisation between 
species within the major subgenera occurs either naturally or artificially (Pryor and 
Johnson 1971; Griffin et al. 1988; Potts and Wiltshire 1997).  Where hybridisation 
has been found, F1 individuals display high levels of abnormality and poor vigour 
(Potts et al. 1992), and have reduced viability compared to intraspecific cross types 
at virtually all stages of the life-cycle (Lopez et al. 2000).  Insect herbivores and 
fungal pathogens have been observed to concentrate on natural hybrids (Witham et 
al. 1994) 
 
A major barrier to hybridisation between potentially inbreeding Eucalyptus species is 
their spatial and ecological separation and variation in flowering time (Ashton 1981; 
Davidson et al. 1987; Griffin et al. 1987). The possible role of different types of 
pollinators in maintaining pre-mating barriers during times of flowering overlap is 
not known (Potts and Wiltshire 1997).  
 
There are a few known post-mating barriers to the production of F1 hybrids among 
closely related Eucalyptus species (Tibbits 1989; Potts et al. 1992).  One mechanism 
is that the pollen tubes of species with small flowers are unable to grow the full 
length of the style of large flowered species (Gore et al. 1990).   The second is a 
physiological barrier which results in pollen tube abnormalities, which increases with 
increasing taxonomic distance (Ellis et al. 1991).  
Pollination ecology of eucalypts 
Eucalyptus species are a major source of nectar and pollen for a variety of blossom-
feeding fauna in Australia, including birds, marsupials and invertebrates (see reviews 
by Armstrong 1979; Keith 1997).  Blossom-feeding birds include the more specialist 
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nectarivorous honeyeaters (Meliphagidae) and lorikeets (Loridae) (Ford et al. 1979; 
MacNally and McGoldrick 1997).   
 
Twenty-five species of marsupials visit eucalypt flowers, including regular feeding 
by possums (Petauridae) and gliders (Acrobatidae) (Turner 1982; Goldingay 1990). 
There is opportunistic foraging by arboreal species such as Antechinus spp. and 
Brush-tailed Phascogales Phascogale tapoatafa (Griffin 1982; Henry & Craig 1984).  
Blossom-feeding bats (e.g. Pteropus spp) are common visitors (Armstrong 1979).  
Eucalypt nectar is a signifcant part of the diet of the Yellow-bellied Glider (Petaurus 
australis) and animals carry large quantities of pollen on their snouts, probably 
effecting pollination (House 1997).  There is some evidence that floral traits in 
eucalypts favour nocturnal arboreal mammals through greater production of nectar at 
night than during the day (Goldingay 1990; McCoy 1990).  
 
Many species of invertebrates feed on eucalypt blossoms (Armstrong 1979) and the 
abundance of most invertebrate taxa increases with the presence of flowers in the 
eucalypt canopy (Majer et al.1997). 
 
It is likely that all, or at least some of these animals, pollinate Eucalyptus (Griffin 
1982).  However, the actual and most effective pollinators of any Eucalyptus species 
are not known. Studies of eucalypt pollination ecology have made few advances since 
reviews by Armstrong (1979) and Paton and Ford (1983), as reflected in Keith (1997).  
There remain few data available on eucalypt pollinator types, with most studies based 
upon observational data of flower visitors (Bond and Brown 1979; Hopper and Moran 
1981; Keighery 1982; Hingston and McQuillan 2000).  These data may not be 
indicative of actual pollinators, as flower visitors are not necessarily pollinators.  For 
example, several insect species may visit most Eucalyptus species but small insects 
may fail to contact the stigmas of large - flowered species (House 1997).  Birds may 
visit several species, but for some Eucalyptus species, birds may be feeding on the 
insects attracted to the flowers rather than acting as pollinators.  
 
Flowering phenology of eucalypts 
Despite the importance of eucalypts to blossom-feeding fauna and the dominance of 
eucalypts in Australia’s forests and woodlands, relatively little is known of the 
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flowering phenology of this genus (House 1997).  Flowering phenology includes the 
timing, frequency, duration, intensity and percentage of trees flowering.   Table 1.1 
outlines the major studies of flowering phenology of eucalypts to date.  
 
Much of the research on flowering phenology of eucalypts, especially earlier studies, 
have been for single species and often for those of commercial value (e.g. Florence 
1964; Ashton 1975a) (Table 1.1).  When several species were studied, there was 
usually a primary aim of determining the movements or foraging behaviours of birds, 
and so quantitative data on flowering phenology are often lacking (e.g. Collins and 
Briffa 1982; Ford 1983 c.f. Keatley 1999) (Table 1.1).  Studies have occurred in most 
States of Australia, but more often in wet sclerophyll forests and rarely in dry forests 
and the arid zone (Table 1.1).   
 
Flowering patterns of four Box-Ironbark species of eucalypts (Yellow Gum E. 
leucoxylon, Grey Box E. microcarpa, Red Box E. polyanthemos, Red Ironbark E. 
tricarpa) were examined by Keatley (1999).   Opercula traps were used to examine 
the timing, duration and intensity of flowering for two years at three sites.  Marked 
trees of E. polyanthemos and E. tricarpa failed to flower in the year of study. Keatley 
(1999) also examined long-term records (diaries of W. Sheen) of observations of bud 
and flowering times of eight Eucalyptus species. There was variation between years 
in the probability of flowering for each species (Keatley 1999).  Porter (1978) also 
examined long-term records made by apiarists from the Box-Ironbark region and 
described variation in flowering intensity of E. tricarpa between years.  
 
The time-spans of studies have ranged from one to 22 years, however most were two 
or three years in duration (Table 1.1).  Sampling intervals have ranged from every 
three days (during flowering seasons only; Griffin 1980) to three months (Collins 
and Briffa 1982), but the majority of studies had monthly sampling intervals (Table 
1.1).  The level of replication has most often been forest stands, but a few studies 
have used individual trees as the sample unit.  Only two of these studies used marked 
trees (Collins and Briffa 1982; Keatley 1999).  Collins and Briffa’s (1982) main aim 
was to examine foraging behaviour of honeyeaters, and flowering patterns of 
individual trees were not documented.   
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The frequency of flowering (number of flowering events in each of several years) has 
been recorded in some studies, but only two studies describe the duration of 
flowering within seasons (Griffin 1980; Keatley 1999) (Table 1.1).  The intensity of 
flowering has been quantified using a variety of techniques, such as opercula counts, 
presence/absence of flowering and various indices (Table 1.1).  Some of these 
methods are tedious (e.g. opercula counts), while others provide little information on 
variation between trees in flowering intensity (e.g. presence/absence of flowering 
does not explain whether there was just one or several hundred flowers), or provide 
only general information on the intensity of flowering (light or heavy flowering), or 
have indices that can not be repeated (Ford 1983).    
 
The general paucity of knowledge of eucalypt flowering phenology, floral traits and 
pollination ecology represents a considerable gap in the knowledge required to 
understand the breeding biology and ecology of much of Australia’s tree flora, as 
well as the distribution of floral resources for blossom-feeding fauna, and 
plant/pollinator community dynamics. 
Table 1.1. Studies of flowering phenology of Eucalyptus species in Australia. The table lists the species studied, the reason for study, study location, 
sampling techniques and reference. Freq. = frequency of flowering (e.g. annual, biannual), Durat. = duration of flowering within a flowering season.  
 
 
Study species Main reason 
for study 
Location 
(forest type) 
Duration 
of study 
Sampling 
intervals 
Scale/ 
level of 
replicates 
Flowering patterns measured 
 
Freq. Durat.             Intensity 
 
Reference 
 
E. pilularis 
 
Commercial 
(Timber) 
 
 
Southern Qld, 
Northern NSW 
(Wet Sclerophyll) 
 
 
<2 years 
 
6 weeks 
 
6 stands 
 
Yes 
 
No 
 
opercula counts Florence 1964 
E. regnans Commercial 
(Timber) 
 
Cent. Highlands Vic 
(Wet Sclerophyll) 
5 years monthly 3 stands Yes No   
   
opercula counts Ashton 1975a
E. tricarpa 
(E. sideroxylon*)  
 
Commercial 
(Honey) 
Central Vic. 
(Box-Ironbark) 
22 years monthly forests/ 
19 sites  
Yes No heavy, light, nil  
(various reporters) 
Porter 1978 
E. regnans Commercial 
(Timber) 
 
Gippsland Vic 
(Wet Sclerophyll) 
2 years 3 days  
(flowering 
time only)
1 stand/ trees Yes Yes % of foliage flowering 
index: nil, light, heavy.
 Griffin   1980 
E. drummondi 
E. macrocarpa 
 
Bird foraging 
study 
South Australia 
(Heathy Woodland) 
3 years 3 months 3 stands/ 
20 marked 
trees 
No No count estimates (e.g.
1000, 2000) 
Collins and Briffa 
1982 
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E. baxteri 
E. camaldulensis 
E. cosmophylla 
E. leucoxylon 
E. goniocalyx 
 
 
Bird foraging 
study 
South Australia 
(Heathy Woodland) 
1 year 1 month 6 sites/ 
16 stands 
No No index: relevant to  site 
where species most 
abundant  
Ford 1983 
E. marginata Commercial 
(Timber) 
 
South-west Western 
Australia  
(Wet Sclerophyll) 
4 years  2 or 4 
weeks 
4 stands/ 
trees 
Yes    
   
    
   
No presence/absence Davison and Tay
1989 
E. salmonophloia Rare species South-west Western 
Australia  
(Dry Woodland) 
2 years (3 
seasons) 
 
 
2 months 4 stands/ 
trees 
Yes No presence/ absence
opercula counts 
 
Yates et al. 1994 
E. miniata 
E. tetrodonta 
Effect of fire 
 
 
Northern Territory 
(Tropical Savanna) 
2 years 1 month 
(flowering 
only) 
 
3 stands/ 
10 trees 
Yes no presence/absence Setterfield and
Williams 1996 
E. tricarpa  
E. macrorhyncha 
Bird 
movements 
Southern and Central 
Victoria 
(Box-Ironbark) 
1 year 15-30 days 8 sites/ 
30x30m 
quadrats 
 
No No index: foliage cover x 
crown area x flower 
cover 
MacNally and 
McGoldrick 1997 
E. maculata 
 
 
Commercial 
(Timber) 
 
South coast NSW 
(Wet Sclerophyll) 
15 years 1 month 23 sites/ 
stands 
Yes No opercula counts Pook et al. 1997 
E. miniata 
E. tetrodonta 
E. porrecta 
Flowering in 
relation to fire 
regime 
 
Northern Australia 
(Humid Tropical 
Savanna) 
4 years 1 month 3 forest 
stands/ 
tagged 
individual 
trees 
 
Yes No presence /absence used 
to give stand based 
index 
Williams 1997 
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E. leucoxylon 
E. microcarpa 
E. polyanthemos 
E. tricarpa  
 
Flowering 
phenology 
Maryborough, Vic.  
(Box-Ironbark) 
2 years 14 days  3 trees at 
each of 
three sites 
Yes    
   
Yes opercula counts Keatley 1999
E. leucoxylon 
E. microcarpa 
E. polyanthemos 
E. tricarpa  
 
Flowering 
phenology 
Maryborough, Vic. 
(Box-Ironbark) 
22 years 
& 
30 years 
monthly  
&  
annual 
average 
plots 
& 
forest 
blocks 
No Yes light/ medium/ heavy
crop 
Keatley et al. 1999 
# 13 Eucalyptus 
spp.  
Nectarivores/ 
floral 
resources 
North Coast NSW 
(Wet Sclerophyll) 
10 years 1 month 23 sites/ 
trees? 
Yes No % of foliage in flower Law et al. 2000 
 
# E. acmenoides, E. bancroftii, E. globoidea, E. grandis, E. microcroys, E. pilularis, E. propinqua, E. resinifera, E. robusta, E. saligna, E. siderophloia, E. signata, 
E. tereticornis 
* Reported as E. sideroxylon, but now regarded as E. tricarpa.  
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Reproduction in Angiosperms 
 
The rapid dominance and speciation of the Angiosperms are testament to the benefits 
of sexual reproduction (Raven et al. 1986).  Sexually reproducing Angiosperms have 
the ability to rapidly adapt to new environmental conditions, and the integrity of 
species can be maintained, as each species develops to adapt to its local environment 
(Raven et al. 1986).    
 
Sexual reproduction requires pollen grains reach a stigma.  This can be achieved 
through the forces of wind, water or animals.  The reliance on wind (or water) for the 
distribution of pollen grains results in plants having to produce vast quantities of pollen 
for the chance of one pollen grain reaching the receptive part of a female flower 
(Raven et al. 1986). However, wind pollination can be the most efficient method of 
pollination when single tree species and grasses are dominant, (Proctor et al. 1996).   
 
In contrast, animals transport pollen in a precise way; fewer pollen grains are required 
and less wastage is achieved compared to wind pollination (Raven et al. 1986).  Over 
evolutionary time, changes in phenotype that made some flowers more attractive to 
pollinators than other types of flowers of the same species would have offered an 
immediate selective advantage (Raven et al. 1986).   
 
The evolution of bisexual flowers further added to the efficiency of the plant/pollinator 
system as pollen grains can be attached to both animals and deposited on stigmas at 
each foraging bout (Raven et al. 1986).  However, this also entails the problem of self-
fertilisation (c.f. outcrossing).  Many plants evolved mechanisms that reduced the 
likelihood of self-fertilisation, such as protandry where the anthers of a flower release 
all pollen before the stigma is receptive (Lawrence 1951).  
 
A likely driving force in the evolution of floral morphology was a selective advantage 
in being (relatively) specific in pollinator affinities (Levin 1978).  If all plants within a 
community attracted all possible pollinators then this is little different to wind 
pollination with plants having little control over the movement of pollen. The absence 
of differentiation of pollinators could result in interspecific pollen transfer and a 
potential increase in the incidence of hybridisation (Levin 1978).  It could result in 
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resources wasted to herbivory and nectar-robbing if some animals fail to carry pollen 
and/or contact the stigma of plants of the same species (Faegri and van der Pijl 1979).    
 
To overcome the problems of waste of resources and potential hybridisation, several 
isolating mechanisms are recognised (Levin 1978). These include selective pollinator 
visitation, differences in flowering times, and geographical, morphological and 
compatability barriers (Levin 1978; Potts and Wiltshire 1997). Plant species may 
display several of these mechanisms concurrently (Levin 1978).  For example, major 
pre-zygotic barriers to hybridisation can include a unilateral structural barrier, such 
that the pollen-tubes of small-flowered species are unable to grow the full length of 
the style of large flowered species (Gore et al. 1990). Three main isolating 
mechanisms are discussed below, as they are most relevant to this thesis.  
 
1.  Differentiation in floral traits and breeding systems (Levin 1978).   
Floral character traits have co-evolved with particular types of pollinators resulting in 
differentiation in flower signals and rewards.  This in turn may result in pollinators 
displaying some degree of constancy (i.e. animals forage on the same plant species for 
a period of time), and specificity (i.e. the preference of one food source over another) 
(Levin 1978; Waser 1983).   
 
2.  A separation of flowering times among co-existing species (Levin 1978).  
This results in the inability of pollen to be transferred between genetically compatible 
species (Levin 1978).  In communities, there is often some partial overlap in flowering 
times, and it is the peaks of flowering that are separated (Feinsinger 1983). 
 
3.  Geographic and ecological separation of congeneric species (Levin 1978).  
The spatial proximity of populations can strongly influence the potential for gene 
exchange between congeneric populations (Levin 1978).   Gene exchange is most 
likely to occur in confluent populations and least likely to occur between 
discontinuous populations (Levin 1978).    
 
Each of these isolating mechanisms is discussed below. 
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Differentiation in floral signals, rewards and breeding systems 
 
Through evolutionary time, flowers have adapted features that attract only certain 
types of pollinators by providing for their needs and discouraging other visitors 
(Raven et al. 1986).  Insects are major pollinators of Angiosperms, and as the 
original pollinators, plants have evolved some fascinating ways to attract different 
species.   
 
An example of flowers that have developed attractants to particular insects include 
Stapelia from southern Africa.  The flower smells of rotting flesh and reinforces its 
appeal to flies by bearing flowers that produce heat and resemble the decaying skin of 
a dead animal; with wrinkled brown petals covered with hairs (Attenborough 1980).  
The flies are so convinced by the mimicry that they lay their maggots on the flowers, 
which later die, but after the plant has been fertilised (Attenborough 1980).   
 
Orchids often attract insects by sexual impersonation, producing flowers that closely 
resemble the form of female wasps; complete with eyes, antennae, wings and odour of 
a female wasp in mating condition (Attenborough  1980).  Deceived male wasps try to 
copulate with the flower and in so doing deposit and receive pollen (Attenborough 
1980).  
 
In these two examples, the pollinating animals are disadvantaged by visiting flowers, 
or at least do not receive any reward.  In many cases, animals are attracted to a certain 
type of plant, and show fidelity to it, because there is a reward (Cruden et al. 1983). 
Bees rely exclusively on the nectar and pollen of Angiosperms and in return are major 
pollinators of many species (Faegri and van der Pijl 1979).  Hummingbirds rely almost 
exclusively on the nectar of flowers and are important pollinators of many rainforest 
and temperate plant species (Raven et al. 1986).   
 
Some mutualistic plant/pollinator relationships have become very specialised.   For 
example, Yucca Moths (Prodoxidae) have a specialised, curved proboscis that 
gathers pollen from Yucca stamens (Aker 1982).  It gathers the pollen at one flower 
and then moves on to lay its eggs among the ovules of another flower and then 
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actively fertilizes the second plant by ramming a ball of pollen onto the stigma (Aker 
1982).   
 
Birds are important pollinators of some Angiosperms.  The evolution of 
specialisation toward bird pollination may have arisen because birds are more 
efficient pollinators than insects.  Birds provide a better outcrossing service because 
they travel greater distances between plants than insects and are active regardless of 
local weather conditions (Stiles 1978; Faegri and van der Pijl 1979; Willmer 1983; 
Ford 1985).   
 
Many species of mammals have been recorded visiting flowers, and it is likely that at 
least some of them effect pollination (Carthew and Goldingay 1997).  Fifty-nine 
species of non-flying mammals have been documented as pollinators (Carthew and 
Goldingay 1997).  The relative effectiveness of mammals as pollinators compared to 
birds or insects has been studied for a few species of Proteaceae (Banksia spinulosa 
and B. integrifolia) in Australia (Cunningham 1991; Goldingay et al. 1991).  
 
Many zoophilous flowers exhibit characteristic traits that can be related to their 
pollinator types (pollination syndromes) and are referred to as ‘bird’ flowers, ‘moth’ 
flowers, ‘bat’ flowers etc. (Faegri and van der Pijl 1979). In general, there are many 
notable differences between vertebrate and invertebrate pollinated plants in floral 
traits (Raven et al. 1986).   For example, typical ‘bird’ flowers have little odour, 
which is corollary to the poor sense of smell in birds, but are often brightly coloured, 
which corresponds with their keen sense of colour (Faegri and van der Pijl 1979).  In 
contrast, moth - pollinated plants are often drab or white in colour, are gullet shaped 
and have mechanisms for night pollination, such as olfactory cues (Faegri and van 
der Pijl 1979).  Beetle - pollinated flowers are often dull in color but they typically 
have strong, foul odours with ovules buried beneath the floral chamber out of the 
reach of strong, chewing jaws (Raven et al. 1986). Mammals are morphologically 
much more diverse than birds, and can be nocturnal or diurnal.  Therefore, while they 
may efect pollination, there does not appear to be any selection for flowers to display a 
range of ‘typical’ pollination syndromes for mammals (Carthew and Goldingay 1997).  
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Plants can differentiate between pollinators by providing different nectar rewards; 
for example in the quantity, sugar concentrations and sugar ratios (hexose : sucrose : 
glucose) of the nectar (Baker and Baker 1983).  Variation between nectars can be 
related to the energy requirements of different types of pollinators (Inouye et al. 
1980; Baker and Baker 1983; Cruden et al. 1983).  For example, flowers that are 
regularly pollinated by animals with a high rate of energy consumption (birds, 
mammals, including bats and marsupials, and hawkmoths) have tended to evolve 
flowers with large quantities of dilute nectar, whereas insect - pollinated plants tend 
to have small quantities of concentrated nectar (Percival 1965; Baker and Baker 
1975; Henirich 1975; Pyke and Waser 1981; Cruden et al. 1983).   
 
Dilute nectar may be provided for vertebrates because large quantities of nectar are 
needed to attract and maintain these types of pollinators (Cruden et al. 1983).   These 
flowers often have features (e.g. tubular flowers) that make the nectar unavailable to 
smaller animals with lower rates of energy consumption (Faegri and van der Pijl 
1979).  Without these features, smaller animals may take nectar without gathering 
pollen, or being satisfied at one flower may fail to move between flowers to deposit 
pollen (Cruden et al. 1983; Raven et al. 1986).  
 
Specialisation to particular types of pollinators does not ensure that hybridisation will 
not occur, nor that pollen will not be wasted.  For example, many plant species 
attract a range of pollinating species to their flowers because of the similarity 
between species groups. For example, if a plant has evolved traits that attract birds to 
its’ flowers without further specialisation towards a single species of bird it is likely 
that many species of birds will be attracted to that flower.  The different 
morphologies of these visitors may result in pollen being wasted if some species fail 
to contact anthers or stigmas of the flower.  
 
The possible solutions to the problem of attracting various species types are best 
shown by examples.  In a temperate hummingbird community, several hummingbird 
species are attracted to various plant species whose flowers are strikingly similar in 
floral color, size, shape, and nectar rewards (Brown and Kodric-Brown 1979). This 
could result in congeneric pollen transfer if there was no differentiation between 
flowers.  However, the flowers of each species have different orientations of anthers 
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and stigmas (Brown and Kodric-Brown 1979).  This results in the deposition of 
pollen on different parts of birds, and each spatially differentiated pollen grain may 
be more likely to contact the stigma of each particular species of plant (Brown and 
Kodric-Brown 1979).   
 
In South Africa, several species of pollinators feed on various co-occurring Acacia 
species (Stone et al. 1998).  Hybridisation is minimised in this community because 
the Acacia species exude nectar sequentially over the day, thus partitioning 
pollinators temporally (Stone et al. 1998).  It is of no consequence that there are 
several types of pollinators because interspecific pollen transfer has been minimised 
as only one Acacia species is likely to attract the pollinators at any one time.  
 
Morphological and compatability barriers to hybridisation are equally important 
floral traits.  These include stigma receptivity, pollen tube growth, arrest at various 
stages, length of time of pollen viability (Griffin and Hand 1979).  
 
Separation of flowering times among co-existing species  
The timing of flowering can act as an isolating mechanism, because if congeneric 
species flower at different times there can be no gene exchange (Levin 1978). This 
would require regularity in flowering times of each species (Stiles 1975).  Such 
regularity may ensure that a plant species has a dependable pollinating service (Gass 
and Sutherland 1985).   
 
Many plant communities display a separation of flowering times among species 
(Bawa 1983; Primack 1985).  Separation may be achieved by each species 
responding differently to flowering cues such as precipitation, temperature, and 
photoperiod (Gentry 1974; Larcher 1980; Borchert 1983; Friedel et al,. 1993). For 
example, in several species of Dendrobium orchids, a sudden storm or temperature 
shift results in flowering, but each species flowers a different number of days after 
the event (Levin 1978).  
 
The proximate causes that result in a species flowering at a particular time (e.g. 
photoperiod) need to be distinguished from ultimate causes that specify the 
advantages or disadvantages of flowering at a particular time (Janzen 1967). 
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Flowering times may ultimately be influenced by selective factors that include 
pollinator availability (Waser 1979) and optimum seed - dispersal times to coincide 
with abundant dispersers and relatively few seed predators and herbivores (Primack 
1987;  Brody 1997).   
 
A separation in the timing of flowering among plant species within a community has 
often been attributed to directional selection imposed by competition for limited 
pollinators (Linsley 1958; Baker 1961; Grant and Grant 1968; Stiles 1977; Waser 
and Real 1979; Feinsinger 1983; Rathcke 1983 c.f Borchert 1983; Carpenter 1983; 
Brody 1997).  The evidence for pollinators acting as a selective force are twofold: 
first, the flowering times of many species closely match the daily or seasonal cycles 
of pollinator activity (Clarke 1893, Levin and Anderson, 1970; Lack, 1976; Stiles, 
1977) and second, species within a community display a separation of flowering 
peaks (see reviews by Primack 1985; Bawa 1983).  
 
The competition hypothesis assumes that the pollinators are the major driving 
selective force in the timing of flowering. However, it may be that the pollinators 
have simply adjusted their timing to match that of the flowering seasons of the plants 
(Borchert 1983).  For example, the flowering times of particular species of plants 
may be a major selective force in the movements of blossom-feeding animals.  
 
It has been suggested that a critical test of the competition hypothesis would require 
the demonstration of temporal segregation of flowering times in a non- random 
pattern (Poole and Rathcke 1978).  If flowering times are patterned then this is 
consistent with, but does not prove, the competition hypothesis (Cole 1981).  Non-
random flowering times would also be consistent with the theory that differences in 
flowering times have evolved as an isolating mechanism.   
 
The main assumption implicit in the idea that pollinators drive temporal flowering 
patterns is that pollinators are limiting, but this has mostly been implied rather than 
demonstrated (Ollerton and Lack 1992).  In one study, Carpenter (1983) found no 
evidence that pollinators were limited even though the plant community displayed a 
separation of flowering peaks.  
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The extent to which eucalypt communities display an overlap in flowering times and 
a separation of flowering peaks is largely unknown, as there have been few studies.  
Keatley’s  (1999) data show a separation of flowering peaks among three species of 
Box-Ironbark eucalypts; Red Ironbark E. tricarpa, Yellow Gum E. leucoxylon and 
Red Box E. polyanthemos at the same site. Little overlap in flowering time between 
species was found for co-occurring Eucalyptus species in tropical savanna of 
Northern Australia (Bowman et al. 1991; Williams and Brooker 1997).  
 
Several authors have argued that flowering times of families cannot go beyond 
seasonal boundaries imposed by phylogenetic constraints, evidenced by the fact that 
most or all species within (selected) plant families flower within a restricted time 
each year (Kochmer and Handel 1986; Primack 1987; Wright and Calseron 1995 c.f. 
McKitrick 1993).  However, there appears to be no such constraints on Eucalyptus 
spp. (and indeed the Myrtaceae family) as flowering of one or more species occurs 
throughout the year (Fig. 1.2).   
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Figure 1.2: The number of Eucalyptus species in flower in each month in south-eastern 
Australia.  Data from 79 species.  Flowering periods are derived from Costermans 
(1994).  Species were counted in more than one month if general flowering times were 
reported to occur over two or more months.  
 
 
Geographic and ecological isolation  of congeneric species 
Ecological features that can separate species include edaphic, climatic, biotic and 
topographic variation (Levin 1
s
(Levin 1978).  For example, E. gummifera trees dominate sandy, stony soils of low 
pH, whereas in the same forest area E. saligna trees are found primarily at sites with 
relatively high pH on sandy, clay soils (McColl 1969).  The effectiveness of spatial 
separation as a mechanism agains
p
 
Geographic barriers to hybridisation occur in eucalypts that can theoretically produce 
F1 hybrids.  For example, E. caesia and E. pulverulenta can hybridize and produce 
fertile offspring but these species occur in Western Australia and eastern New South 
Wales, respectively (Pryor 1976). 
 
Variation in flowering phenology at finer temporal and spatial 
scales  
Thus far, I have concentrated on the co-evolution of flowering plants and their 
pollinators, the evolutionary forc
b
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 the forces that are acting on flowering phenologies at 
finer scales than evolutionary time.  For example, in long-lived tree species, a certain 
season (i.e. evolutionary 
rs by a 
few days (E. regnans Griffin 1980) up to two months or more (Cremer et al. 1978).  
ges in 
 for 
everal species’ populations (see Griffin 1980; Law et al. 2000 for Eucalyptus spp.; 
species integrity.  I have shown that there is some evidence for the co-evolution of 
floral traits in the differentiation of pollinators and that the evidence for some 
selective forces acting upon flowering times (e.g. interspecific competition for 
limited pollinators) is contentious.  The factors that may influence the timing of 
flowering appear to be complex.   
 
In the next section, I discuss
species may be committed to flowering within a particular 
forces), but does it flower at exactly the same time, and for the same duration, each 
year?  Do all trees commit to flowering each flowering season? Once a tree has 
committed to flowering what are the influences acting upon it that affect the duration 
and intensity of flowering?   
Variation between years in the timing of flowering 
Many Eucalyptus species appear to have relatively labile flowering times (House 
1997). The timing of flowering for a Eucalyptus species can vary between yea
Variation between years in flowering times has been associated with chan
seasonal patterns of rainfall and mean daily temperatures, recent soil moisture, and 
intensity of solar radiation (Bolotin 1975; Specht and Brouwer 1975; Moncur 1992; 
Friedel et al. 1993).  These variables can influence the rate of bud development and 
consequently affect flowering time (White 1979; Sedgely and Griffin 1989).   
Variation between populations and individuals in flowering times  
Asynchronous flowering among populations and individuals has been reported
s
and see Bawa 1983 for tropical species). For eucalypts, variation between 
populations in the timing of flowering has been attributed to altitudinal gradients 
(Van Loon 1966; Hodgson 1976; Savva et al. 1988) and differences in soil type 
(Florence 1964).  In one study, site - based features, such as disturbance and fire 
history, did not significantly affect eucalypt flowering times (Law et al. 2000).   
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stent advantage of flowering at a particular 
time within a season (Primack 1985).   
eucalypts show some overlap in flowering times with 
Long-lived plant species display variation in the frequency of flowering, ranging 
 annual flowering, or where flowering can be a rare event 
table, and species may flower for an extended 
eriod of time (House 1997).  This should entail a low risk of reproductive failure 
The timing of flowering may be a genetically inheritable trait in eucalypts (Griffin 
1980; Gore and Potts 1995).  Therefore, asynchronous flowering among individual 
eucalypt trees may be due to genetic variation (Ashton 1975a; Griffin 1980; Griffin 
et al. 1987; Friedel et al. 1993).  Variation in flowering times among a community 
may be maintained if there is no consi
 
Generally, most individual 
conspecifics, and this could be expected to be selected for in eucalypts as they are 
preferential outcrossers (Pryor 1976).  Some degree of synchronous flowering is 
advantageous as this ensures that the majority of individuals contribute to the 
breeding population (Feinsinger 1983). 
Variation in the frequency, duration and intensity of flowering  
Frequency of flowering 
from a few times a year, to
(for eucalypts see review by House 1997; for other species see review by Bawa 
1983).  The frequency of flowering may relate to the time taken for the fruit crop to 
mature (Bawa 1983).  Within this predetermined frequency, individual trees may not 
flower each season but there appear to be few data either for tropical trees (Bawa 
1983) or eucalypts (House 1997).   
Duration of flowering  
The duration of the flowering season varies between species (for Eucalyptus species 
see Kavanagh 1987; Bowman et al. 1991; for tropical species see review by Bawa 
1983).  This variation may be due to the predictability of resource availability for 
plants at the time of flowering (Bawa 1983). For example, in seasonal climates 
resource availability may be unpredic
p
resulting from changes in resource availability (Bawa 1983).  In contrast, brief 
flowering seasons may be shown in tropical areas where resources are abundant and 
predictable (if only during the wet season).  The theory of predictability of resource 
availability affecting the duration of flowering is demonstrated in eucalypts, as 
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 the most effective pollinators (Faegri and van der Pijl 1979) (see 
Chapter 4).   For example, if the most effective pollinator is a short-lived invertebrate 
ited time-span (e.g. butterflies live for just a few weeks 
tensity of flowering 
nvironmental conditions that can influence flowering intensity include soil 
c influences (Davis 1968; Bolotin 1975; Griffin 
980) and density dependent factors (i.e. number of fruits/seeds already on a tree).  
tropical Eucalyptus species have shorter reproductive cycles than many temperate 
species (Brooker and Kleinig 1994).   
 
The duration of a species’ flowering season may match that of the energy 
requirements of
that is abundant for a lim
(Fisher 1978) then pollen and nectar resources may be wasted if flowering occurs 
outside of this time. In contrast, large vertebrates may only be attracted to species 
that can sustain them for relatively long-periods of time or they may seek alternative 
food supplies and therefore become an unreliable pollinating service (Faegri and van 
der Pijl 1979).  
In
Eucalyptus species, populations and individual trees vary in flower abundance 
between years (Florence 1964; Ashton 1975; Porter 1978; Griffin 1980).  
Environmental conditions, biotic associations and tree specific factors are likely to 
influence the amount of buds produced, the rate of bud abscission and therefore the 
number of buds that reach anthesis (Ashton 1975b; Pryor 1976; Porter 1978; Law et 
al. 2000).   
 
E
moisture, which is of prime importance to bud initiation and bud growth (Specht and 
Brouwer 1975; Moncur and Boland 1989; Judd et al. 1996; Tolhurst 1997). High 
rainfall at the time of bud development has been found to be typically, but not 
always, followed by prolific flowering (Porter 1978; Law et al. 2000).  After bud 
initiation, the number of buds abscised can be affected by periods of below average 
rainfall (Florence 1964).   
 
Tree - specific factors can also influence the intensity of flowering.  General tree 
health and degree of insect attack can affect the number of buds that are initiated and 
reach maturity (Stephenson 1981; Landsberg 1988; Banks 2001). The intensity of 
flowering may be affected by geneti
1
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icrohabitat and edaphic conditions surrounding each tree may also influence 
resource availability and flowering intensity  (Hopmans et al. 1993; Tongway and 
ssibly relevant to eucalypts), flowering 
ay be influenced by crown architecture, which is important in 
M
Ludwig 1983).  For other species (and po
intensity m
photosynthetic production (Yokozawa et al. 1996), and variation in temperature and 
available light (Linhart et al. 1987). 
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d thesis structure 
floral resources for blossom-feeding fauna, and 
rate introductions, methods, results and 
discussions.  However, repetition is minimised by a single abstract and bibliography, 
and by referral to chapters which have previously outlined study sites, methods or 
discussions where appropriate.  A description of the Box-Ironbark region, and its 
associated blossom-feeding fauna is provided at the end of this chapter, to reduce 
repetition. 
 
The first chapter reporting on field studies (Chapter 2) examines variation between 
the seven species in floral character traits, and the possible association of traits with 
different types of pollinators.  Chapter 3 investigates the timing and synchrony of 
flowering for populations of all seven species in this eucalypt community.  The 
 
Objectives an
 
The  aim of this study is to examine the flowering phenology and floral traits of 
seven Eucalyptus species, in a Box-Ironbark forest in Victoria, south-eastern 
Australia.  This study was used to relate flowering patterns to the concept of 
resources for blossom-feeding fauna. The specific objectives are: 
1. to examine and describe floral character traits of species, and explore the extent 
to which these traits can be associated with syndromes of bird or insect 
pollination; 
2. to determine the timing of flowering of populations and individual trees for seven 
species of co-occurring eucalypts; 
3. to investigate variation between years, between species and among conspecifics 
in  frequency, duration, intensity and percentage of trees flowering; 
4. to investigate relationships between flowering patterns and tree-specific factors; 
5. to examine the influence of tree size on the spatial and temporal distribution of 
6. to investigate the distribution of floral resources at several spatial levels for a 
dominant species, E. tricarpa, in the Box-Ironbark forest.  
  
The thesis is divided into eight chapters (Fig. 1.2), of which six (Chapters 2-7) 
outline results of field investigations.  These are written to facilitate future 
publication, and therefore contain sepa
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wering phenology of individual trees is the focus of Chapter 4, which examines 
e frequency, duration, intensity and synchrony of flowering among marked trees 
Subsequent chapters examine tree-specific and environmental factors that may 
fluence the observed flowering patterns.  Using the results from earlier chapters, 
hapter 5 investigates  environmental and tree-specific factors that may influence the 
flowering patterns of individual trees.  Chapter 6 examines whether tree size 
fluences flowering phenology, because it has been suggested that larger trees are a 
critical resource for nectarivorous birds.  
 Chapter 7, a landscape scale approach is used to investigate the distribution of E. 
tricarpa floral resources at several levels; the regional level, in large forest blocks, in 
eas within a forest and at the forest stand level.  Variation in nectar volumes at the 
level of flowers, flowers on trees, and trees within forest stands is also examined.  
e processes that may have lead to the observed patterns are discussed in each of 
ese chapters (Chapters 2 -7) (Fig. 1.2).   
 
e thesis concludes with Chapter 8, which provides a discussion on the likely 
effects of the results from this study on blossom-feeding avifuana of the Box-
plications of the results for the management of abundant and 
verse floral resources are discussed. A synthesis of results and suggestions for 
future research are included.  
flo
th
for each species.   
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plains to the Murray River and the 
ountain forests of the Great Dividing Range (VNPA 1994).  This covers an area of 
The Box-Ironbark region is defined by its altitude, geology and climate (Victorian 
National Parks Association (VNPA) 1994).  In Australia, Box-Ironbark forests extend 
from central-western Victoria, through New South Wales and into southern 
Queensland (Environment Conservation Council (ECC) 1997).  In Victoria, these 
forests occur in a broad band on the inland hills of the Great Dividing Range, 
occupying the zone between the alluvial flood
m
over 1,000,000 hectares in an irregular sweep from the Grampians in the west to 
Wodonga in the east (Muir et al. 1995) (Fig.  1.3). 
 
 
N
Box-Ironbark Region. 
Figure 1.3: The Box-Ironbark region within Victoria, Australia.
Ma
  
p courtesy of Department of Natural Resources and Environment (NRE).  
 
The geology of the region is one of a Paleozoic bedrock of folded sedimentary and 
volcanic rocks (ECC 1997).  Silurian and Ordovician sedimentary rocks (marine 
sandstone, siltstone, mudstone and shale), often converted by folding into low-grade 
metamorphics (especially slate), are the most widespread geological features in the 
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ox-Ironbark region (Muir et al. 1995).   Pliocene and post-pliocene alluvial deposits 
 
he climate in the Box-Ironbark region is temperate, with warm summers and cool 
w ters (ECC 1997).  Mean annual rainfall for the region varies from 400 - 700 mm, 
om 1990 to 1999 the annual average rainfall for Heathcote (Central Victoria) ranged 
from 322 mm in 1994 to 775 mm in 1993 (Bureau of Meteorology 2000).  Similarly, 
no rain was recorded in February in 1991 and 1997, but over 80 mm was received at 
this time in 1990 (Bureau of Meteorology 2000).  Average temperatures can also vary 
greatly between months.  The highest mean maximum temperature for Heathcote is 
290C in February, and the lowest is 120C in July (Bureau of Meteorology 2000).  
Winter nights can be 10C or below, and days over 350C are common during the summer 
months (ECC 1997).  
 
There are few natural permanent waterways within the forests of the Box-Ironbark 
region, but there are now many man-made dams.  Most creeks are ephemeral, but after 
periods of high rainfall deep pools of water can remain in creek-lines for many 
months (pers. obs.).   
 
Box-Ironbark forests are named to reflect the characteristic ‘Box’ Eucalyptus  
species (e.g. Red Box E. polyanthemos, Grey Box E. microcarpa) and Ironbark 
species which dominate much of the region (Fig. 1.4).  Two Ironbark species occur 
in Victoria; Red Ironbark E. tricarpa which occurs from western Victoria to north - 
central Victoria, and Mugga Ironbark E. sideroxylon which occurs in the north-east 
of the state.  These Ironbark species are found on gently undulating rises to low hills 
and dominate much of the remaining forests (Muir et al. 1995).     
B
are frequently found in gullies and flats (Newman 1961).  
The slopes are moderate to gentle, and altitudes are mostly from 120 m to 350 m 
(ECC 1997).  Duplex soils consisting of a sandy topsoil and clay subsoil are most 
common, with shallow soils that are characterised by low fertility and poor water-
holding capacity (Muir et al. 1995; Environment Conservation Council 1997).  In
many places there are rocky outcrops, and the base rock lies close to or at the surface 
of the ground (VNPA 1994; Muir et al. 1995).   
 
T
in
which is relatively dry (Land Conservation Council 1978).  However, there is large 
variation between years in precipitation levels. For example, for the ten year period 
fr
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uir et al. 1995) 
ig.1.4).  Ground covers and grasses include Flax Lilies Dianella spp. and Wallaby 
 
A recent survey of vegetation in the Box-Ironbark region identified 1330 vascular 
plant taxa (Muir et al. 1995).  The report describes 25 floristic communities, which 
represent 17 ecological vegetation classes.  In the Box-Ironbark Forest floristic 
community, (which characterise the sites used in this study) the understorey is often 
dominated by Acacia species, particularly Golden Wattle A. pycnantha and  Gold-
dust Wattle A. acinacea and Drooping Cassinia Cassinia arcuata (M
(F
Grasses Danthonia spp. (Muir et al. 1995).  
 
 
Figure 1.4: A typical spring scene from the Box-Ironbark forests of central Victoria.  
The dominant tree is Red Ironbark, E. tricarpa with Golden Wattles Acacia pycnantha 
providing understorey and a spray of yellow.  
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gulated exploitation of timber and the 
d coppice regrowth  (Newman 1961).  The 
cutting of timber continued, as it was alternatively used during the gold-rush as 
mine-supports, as sleepers for the extension of railways and for firewood (ECC 
1997).  By the 1920’s all Box-Ironbark forests, especially those near population 
centres, had been cut-over several times (DNRE 1997).   
 
Box-Ironbark forests continue to be selectively logged (c.f. clearfelling).  Tens of 
thousands of cubic metres of timber are extracted each year, 95% of which is used 
for fence-posts and firewood (ECC 1997).   There are now management prescriptions 
in place that aim to minimise the impact of uses on the conservation values of the 
public land.  For example, on average, at least two large hollow-bearing trees per 
hectare of greater than or equal to 60 cm DBH are to be retained (DNRE 1997). In 
practice, because there are very few trees of this size, 6 - 14 ‘habitat’ trees per 
hectare are not logged and these include some small trees of <40 cm DBH (DNRE 
1997). 
 
The Box-Ironbark region has undergone profound changes since European 
settlement.  Since the mid-19th century the characteristic tree species of Red Gum E. 
camaldulensis, Yellow Gum E. leucoxylon and Red Ironbark E. tricarpa have been 
used for sawmill logs, fence-posts, firewood and building and mining timbers (ECC 
1997).  Clearing of large tracts of land was also encouraged by the Governments of 
the day (Newman 1961).  This lead to the more fertile areas being cleared with 
forested areas largely confined to dry, rocky slopes (Bennett 1993).  
Within remaining forests, continued and unre
systematic removal of mature trees, through the 1800’s and into the early 1900’s, 
resulted in profound changes in the structure of these forests (Newman 1961, Muir et 
al. 1995).  Prior to European exploitation, Box-Ironbark forests consisted of open 
stands of large trees (approximately 25 trees ha-1 of 75 - 90 cm in diameter (Newman 
1961).  Today a great majority of trees are less than 40 cm in diameter (Soderquist  
1996). 
 
After the initial felling of stands in the mid-1800’s, burning of the ‘waste’ occurred, 
resulting in seedling regeneration an
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 recent review of the conservation and utilitarian uses of public land in the Box-
ecommended several changes to the status of forested lands, 
onal Parks, State Parks and Floral Reserves 
 are adopted then this will approximately 
 reserves. Presently only 1.8% of 
one National Park, 
 (EC  
um E. camaldulensis Dehnh.; 
ellow um E. leucoxylon F. Muell., Red Stringybark E.
Schau., Red Box E. polyanthemos Schau. 
icarpa L. Johnson and K. 
ept E. macrorhyncha 
o opercula (Ladiges 
, with ovules in two or four 
sification of each species is provided below, 
A
Ironbark region has r
including the incorporation of several Nati
(ECC 2000).  If these recommendations
double the amount of public Box-Ironbark forests in
the region is represented in conservation reserves, including 
declared in 1997 (Chiltern Box-Ironbark National Park) C 1997). 
Eucalyptus species in this study 
 
Seven eucalyptus species were studied: River Red G
Y  G  macrorhyncha F. Muell., 
Yellow Box E. melliodora A. Cunn. Ex 
Grey Box E. microcarpa Maiden and Red Ironbark E. tr
Hill. All species are grouped in Symphyomyrtus subgenus exc
which is in the Monocalyptus subgenus.  Symphyomyrtus has tw
1997).  Monocalyptus is defined by a single operculum
rows (Gauba and Pryor 1959).  The clas
(based on Pryor and Johnson 1971).  
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ENUS: Eucalyptus 
Subgenus:  Symphomyrtus 
 Section: Adnataria 
  Series: Polyanthemae 
   Superseries:  Polyanthemos 
   Species: polyanthemos   Red Box 
  Series: Melliodorae 
    Species: melliodora    Yellow Box 
                  leucoxylon    Yellow Gum 
                  tricarpa        Red  Ironbark 
  Section: Exsertaria 
    Series:  Tereticornes 
    Subseries: Tereticorninae 
    Superspecies:  Tereticornis 
    Species:  camaldulensis   River Red Gum 
 Subgenus: Monocalyptus 
  Section:  Renantheria 
    Series:  Capitellatae 
    Subseries:  Macrorhynchinae 
    Superseries:  Macrorhyncha 
    Species:  macrorhyncha Red Stringybark 
 
Topography largely determines the distribution of these seven tree species in 
Box-Ironbark forests.  On dry slopes, Red Ironbark E. tricarpa often occurs 
in pure stands.  Drier, rockier ridges and hilltops are dominated by Red Box 
E. polyanthemos and Red Stringybark E. macrorhyncha.  At lower 
elevations, Yellow Gum E. leucoxylon, and more often Grey Box E. 
microcarpa, are the most common species, with Yellow Box E. melliodora 
occurring close to and along ephemeral creeklines in more fertile gullies.  
River Red Gum E. camaldulensis often occurs in pure stands along larger 
creeklines (Fig. 1.5).  
 
G
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Figure 1.5: Some typical scenes from the Box-Ironbark region in central 
Victoria. A = E. camaldulensis growing on a large creekline, B = E. microcarpa
on drier slopes, C. E. melliodora which grows in the more fertile ephemeral 
creeklines and D = Distinctive Barks of the Box Ironbark forests i) the deep 
furrows of ironbarks, ii) smooth  gum bark, iii) stringybark, iv) box bark. 
A. 
  
B. 
C. 
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 i)        ii) 
 
 
iii)      iv)     
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 a  
Box-Ironbark forest. 
983) and that hinder ineffective or destructive visitors 
tebbins 1970).   
logies which may indicate bird 
ollination (e.g. large, red flowers) and deter ineffective visitors (e.g. anther 
Chapter 2 
Floral traits of a eucalypt community in
 
 
Introduction 
 
The differentiation of pollinators is considered to be an important factor 
influencing floral traits in many plant communities (Mosquin 1971; 
Feinsinger 1978; Waser 1983: Proctor et al. 1996).  This can lead to variation 
in flower types that reflect the energy requirements, morphologies and 
behaviours of different sets of pollinators (Faegri and van der Pijl 1979; 
Proctor et al. 1996).  Plants show adaptations that attract the most effective 
pollinators (Rathcke 1983), that avoid heterospecific pollen transfer (Waser 
1983; Rathcke 1
(S
 
Pollination syndromes have been used to differentiate between plants that are 
typically insect (e.g. bee-, moth-, wasp- or fly- pollinated) and those that are 
bird- pollinated (Baker and Hurd Jr. 1968; Faegri and van der Pijl 1979).  
‘Typical’ bird-pollinated plants are characterised by having flowers that are 
large, tubular and often pendulous, which allow access to nectar by birds but 
deters insect nectar-robbers (Faegri and van der Pijl 1979).  In contrast, 
insect-pollinated plants often have small, open and upright flowers that allow 
small insects easy access to nectar and pollen (Faegri and van der Pijl 1979).    
 
A few Eucalyptus species have flower morpho
p
presentation to prevent insects from accessing nectar) (e.g. E.rhodantha 
Blakely and Steedman; Sampson et al. 1989; E. stoatei C.A. Gardn, Hopper 
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, open 
76; Bond 
200
 
ingston and McQuillan (2000) identified flower visitors to several 
s) in Tasmania to investigate 
atched the pollination syndromes shown by each species. 
 birds visited the relatively larger - flowered eucalypts, but 
and brush (anthers as attractant), may not 
e sufficient to identify distinguishing features of each species.  Flower 
a flowers grown in South Africa, and found 
large volumes of dilute, but sucrose-rich nectar.  This species has large, red 
flowers suggesting that birds may be pollinators.  In addition, flowers 
pollinated by birds often have greater volumes of nectar than do flowers of 
insect-pollinated species (Cruden et al. 1983).  
 
In this Chapter, I examine floral character traits among a community of  
eucalypts in a Box-Ironbark forest in central Victoria.  The study had three 
main aims:  
and Moran 1981; Hingston and McQuillan 2000).   However, there remains a 
general contention that most Eucalyptus spp. have unspecialised
flowers that are attractive to a wide range of pollinators (Pryor 19
and Brown 1979; Ford et al. 1979; Keighery 1982; Hingston and McQuillan 
0).  
H
Eucalyptus species (among other plant specie
whether visitors m
They found that
that insects visited all species.  In general, they found that classic pollination 
syndromes (based on Faegri and van der Pijl 1979) were not useful in 
predicting floral visitors of eucalypts (Hingston and McQuillan 2001).  
However, the two descriptive variables they used for the flowers of all 
Eucalyptus species, pale (in colour) 
b
visitors were assumed to be pollinators, and actual pollination studies were 
not performed.   
 
There are few studies that examine nectar secretion in eucalypts (House 1997; 
but see Bond and Brown 1979; Collins and Briffa 1982; Paton 1982; Nicolson 
1994) but this trait can also be important in distinguishing between pollinator 
types.  Floral nectar in flowers pollinated by birds may be less concentrated 
than in insect-visited flowers (Pyke and Waser 1981) but this has not been 
tested among eucalypts in Australia (House 1997).  Nicolson (1994) measured 
sugar concentrations in E. ficifoli
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1. to document floral traits including the morphology of flowers and nectar 
sugar concentrations among a community of co-occurring eucalypts; 
2.  to examine the level of similarity among species in floral traits; 
3.  to explore the extent to which eucalypts display syndromes of floral traits 
consistent with those typically associated with either bird or insect 
pollination.   
 
 
Study area 
The study was carried out in Rushworth Forest. This is the largest remaining 
forest block in the Box-Ironbark region in central Victoria, and is made up of 
Rushworth, Graytown, Redcastle, Costerfield and Mount Ida State Forests, 
forming a contiguous forest of approximately 30,000 ha. (hereafter referred 
to as Rushworth Forest) (Fig. 2.1).  
 
Eucalypts dominate the overstorey. Understorey species providing the shrub 
layer include several species of wattle (Acacia spp.), especially Golden 
Wattle A. pycnantha and Gold-dust Wattle A. acinacea, Drooping Cassinia 
Cassinia arcuata, Cherry Ballart Exocarpos cupressiformis, Grass Trees 
Xanthorrhoea australis, and peas (Fabaceae).  The ground cover comprises 
grasses (Poaceae; e.g. Danthonia spp.), orchids, lilies and Shiny Everlasting 
(Bracteantha viscosa) among others (Muir et al. 1995).  Muir et al. (1995) 
identified more than 1000 species of native plants in the Box-Ironbark region 
of Victoria, and described 25 floristic communities, which represent 17 
Ecological Vegetation Classes.   
Methods
Victoria 
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In this chapter, six species were studied: Yellow Gum E. leucoxylon, Red 
Stringybark E. macrorhyncha, Yellow Box E. melliodora, Red Box E. 
polyanthemos, Grey Box E. microcarpa and Red Ironbark E. tricarpa. Note 
that E. camaldulensis was not a part of this study because the trees of this 
species had a growth habit that did not allow for the collection of flowers. 
 
Morphological measurements of flowers 
Morphological measurements were made using Vernier calipers (+
 
Study species 
 0.5 mm). 
Initially, 10 flowers from each of three to five trees were sampled for 
morphological measurements of each species. This showed that there was 
similarity between flowers on the same tree.  The sample was reduced to five 
flowers from each tree for all species.  For some species, flowers were 
difficult to obtain because of the absence of low-hanging, flowering 
branches.  Half-flower diagrams were drawn to scale from fresh flowers.   
 
Floral attributes measured were hypanthium width and depth, stamen length, 
and hypanthium-pedicel length (Fig. 2.2). Hypanthium width and depth were 
used to calculate hypanthium volume (πr2 x depth).  The hypanthium of 
eucalypt flowers is generally tubular in shape and so calculation was based 
on the formula for volume of a cylinder.  There are no other known studies 
that measure hypanthium volume in eucalypts. The volume of the 
hypanthium provides an indication of the volume of nectar able to be stored 
in flowers, as this is the nectar receptacle.   
 
This was a satisfactory measure of volume for all species except E. 
macrorhyncha where the ovary intruded into much of the hypanthium space. 
For this species, volume (V) was measured as:  
V =  πr2 x (depth of the inner hypanthium) - πr2  x (height of the 
ovary). 
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Ovaries were not measured for each E. macrorhyncha flower.  Consequently, 
to calculate hypanthium volume the height of the ovary was taken from the 
half-flower diagram.  
  
 
 
 
 
Nectar produ
ectar sampling N
species in Rushw
study of marked 
trees with flower
loppers (i.e. with
 
A 
B 
Figure 2
measurem
A = hypan
depth and
D 53
 
ction 
was carried out at around the peak flowering time for each 
orth Forest.  Site locations were not the same as for the 
trees (Chapters 3 & 4), but were selected by the presence of 
s that could be easily reached by hand or with extendable 
in 2 m from the ground).   
C 
.2; A stylised Eucalyptus flower to demonstrate the 
ents taken of half-flowers.  Arrows represent measurements. 
thium-pedicel length, B = hypanthium width, C = hypanthium 
 D = stamen length.  
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s, and from 
three to five trees at two locations on two separate days for E. melliodora and 
pa, and from 3-5 trees at a single location on a single day for the 
lon and E. macrorhyncha).  For these two 
species, it was difficult to find flowers that could be reached on several trees 
.  
nches were placed on a table where it is assumed all flowers 
ere subject to the same environmental conditions. The age of flowers was 
 
Micro-capillary tubes (75 µl) were used to extract nectar.  The length of the 
nectar column (1 mm = 1µl +
Nectar was sampled from flowers from each of five trees at three locations 
over three consecutive days for E. tricarpa and E. polyanthemo
E. microcar
other two species (E. leucoxy
at one location
 
Branches from each sampled tree were lopped at dawn to ensure nectar had 
not been depleted by diurnal nectarivores. Nocturnal visitors such as moths 
or marsupials could have depleted the flowers of nectar.  However, the 
intention of the study, in terms of nectar quantity, was to determine if diurnal 
nectar-feeding birds are confronted with a patchily distributed resource. The 
branches were tagged and taken to a field site where sampling commenced 
immediately. It was assumed that nectar did not tip out of flowers in transit 
between collection and the field site because I tested whether branches could 
be held ‘upside down’ without any nectar falling out - and this was found to 
be the case. Bra
w
not known, but sampling was undertaken only from fresh-looking, open 
flowers with bright stamens.   
 
Weather conditions varied between sampling occasions as nectar was 
collected in different seasons.  The weather was dry at each sampling 
occasion but temperatures were not recorded.  It is recognised that 
temperatures and rainfall can alter the concetrations and amount of nectar in 
flowers (Dafni 1992).  
 0.1) was measured by using calipers (+ 0.5 
mm). Flowers were sampled from each branch alternately, until up to 20 
flowers from each branch were sampled for nectar.  Sugar concentrations 
were measured for most flowers that contained > 5 µl of nectar, by using a 
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hand-held temperature-compensated (200C) refractometer (Atago).  Sugar 
concentrations are g per 100g solution and expressed as % sugar. 
Results 
Floral character traits 
Flower size 
There were highly significant differences
morphological variables measured (Table 2.1) (one-way ANOVA,  p < 
0.0001): hypanthium- l le  (F 242  sta  le  (F .5); 
inner hypanthium dia  depth (F = 227.3) 
and hypanthium volume (F = 225.5).  Post hoc tests revealed that E. tricarpa 
flowers were significantly larger for al easured than all other 
species (p < 0.05) (T ys h. . tes   E le lon wer were 
significantly ecies except for E. 
tricarpa (T  icantly 
smaller hyp  depth than the f f al her cies (Tukeys h.s.d. 
post hoc test).  
 
For each s  there was some variation
morphological variable measured (range values, Table 2.1).  There was 
approxima  a twof differenc etw e est and sm ers 
(hypanthium-pedicel length) for . m oca E. melliodora E. 
polyanthem  siz flo were similar for E. leucoxyl d E. 
tricarpa  (T E.  flow
in size, had ens and l
flowers of all other species (Table 2.1).   
 between the six tree species for all 
pedice
meter (F = 234.4); 
ngth  = 
inner hypanthium
.5); men ngth  = 387
l variab
t).
les m
. uke
post hoc
s.d ucoxy flo s 
 larger for all variab
ukeys h.s.d. 
anthium
pecies,
tely
os 
able 2.1).   All 
 longer stam
les m
 test).  
easured than all sp
E. macrorhyncha had signif
lowers o l ot spe
 between flowers for each 
old 
es of 
E. leucoxylon
e b
E
rs 
arger nectar receptacles than the largest 
een th
icr
 larg
rpa, 
allest flow
and 
but we on an
 and  tricarpa ers were greater 
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Table 2.1; Floral morphology of six spec ronb ctori
error in parentheses and range values belo
 
 
Tree species 
 
 
n 
 
Hypanthium-pedi
length (mm) 
Hyp
ies of Eucalyptus from a Box-I
w.   
cel 
 
Hypanthium width 
(mm) 
ark forest, Vi
 
anthium depth 
(mm) 
a.  Values are the means with standard  
 
Stamen length 
(mm) 
 
Hypanthium 
volume (mm3) 
 
 
E. leucoxylon 
 
20 
 
13.4 (1.3) 
                     12.7 - 
 
2.3 (0.1) 9.6
13.9 
 
6.4 (0.2) 
4.7 - 7.8 
 
1.8 - 3.1 
 
  (1.2) 
9.0 -10.2 
 
77.0 (5.6) 
33.1-129.7 
E. macrorhyncha 20 7.7 (0.2) 
5.4
 
0.7 (0.1) 5.8
 - 8.5 
4.9 (0.2)                    
3.6 - 6.3   0.3 - 1.2 
 (0.3) 
3.7 - 7.9 
7.6 (0.1) 
0.8 - 17.1 
E. melliodora 30 7.4 (0.3) 
4.8 -
 
1.4 (0.1) 5.9
 11.2 
3.5 (0.1) 
2.9 - 4.0 1.0 - 2.1 
 (0.16) 
4.15 - 7.7 
13.6 (0.8) 
11.9 - 15.2 
E. microcarpa 30 6.8 (0.1) 
5.9
 
1.91 (0.03 6.3
 - 8.2 
3.3 (0.02) 
3.0 - 3.7 
) 
1.6 - 2.2 
 (0.1) 
5.2 - 7.8 
11.8 (0.2) 
11.5 - 12.3 
E. polyanthemos 30 6.1 (0.2) 
3.7
 
1.3 (0.04) 3.2
 - 9.6 
3.4 (0.01) 
2.8 - 4.0 0.8 - 2.0 
 (0.1) 
2.3 - 4.9 
12.3 (0.8) 
4.8 - 24.5 
E. tricarpa 43 22.6 (0.6) 
13.8 -
 
3.3 (0.1) 15
 17.2 
 7.7 (0.2)   
6.1 - 10.6 2.6 - 3.8 
.4 (0.4) 
10.5 - 19.1 
157.0 (0.4) 
82.0 - 304.5 
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Half flower diagrams 
Half-flower diagrams for each Eucalyptus species showed marked differences in 
floral architecture between species  (Fig. 2.3).  These diagrams illustrate the 
significantly larger overall size of E. tricarpa and E. leucoxylon flowers.  Variation 
in flower structure between species can also be noted (Fig. 2.3).  The internal 
hypanthium space of each species varies in both volume and shape, and is largely 
influenced by the position of the ovary (Fig. 2.3).  (Note that all eucalypts are 
considered to have an inferior ovary, but the ovary can intrude into the hypanthium 
space).  E. macrorhyncha flowers have a much reduced hypanthium volume due to 
the degree of intrusion of the ovary, whereas there is a greater volume available for 
nectar retention in flowers of E. melliodora, E. tricarpa and E. leucoxylon. 
 
The shape of the hypanthium varied between species. E. tricarpa and E. leucoxylon 
flowers have a raised, in-curved ring of the hypanthium disc which is not present in 
the other species (Fig. 2.3).  
 
The length and number of whorls of stamens also vary markedly among species.  E. 
macrorhyncha flowers have a single whorl of stamens of approximately equal length 
(Fig. 2.3). E. microcarpa, E. polyanthemos and E. melliodora flowers display two 
whorls of stamens, with an internal whorl of shorter stamens (Fig. 2.3).  E. tricarpa 
and E. leucoxylon have five to seven whorls of stamens, the length of which 
increases from the inner to outer whorls.  The innermost whorl of stamens in these 
species was fused.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hypanthium 
Figure 2.3: Half
leucoxylon and 
Pedicel 
Ovaries 
f) 
)
Staminodes 
e) 
)
Stamen
s
a) d) c) b) 58
 flower diagrams of six Eucalyptus species: a) E. melliodora, b) E. polyanthemos, c) E. macrorhy a, e) ncha, d) E. microcarp E. 
d) E. tricarpa.   The relative position of the hypanthium, stamens and ovaries are the same for each species. 
m10 m
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ning downwards (Fig. 2.4b). E. leucoxylon flowers sometimes faced 
ideways, probably because this species has shorter pedicels than E. tricarpa.  
 
Inflorescence structure 
E. macrorhyncha, E. microcarpa, E. polyanthemos and E. melliodora flowers have 
stout and short pedicels.  Flowers in inflorescences were mostly upright, and in 
relatively tight clusters with stamens often overlapping (Fig. 2.4a).  E. tricarpa and 
E. leucoxylon flowers were mostly pendulous, never upright, and with the 
hypanthium ope
s
 
 
A 
 
        
 
Figure 2.4: Inflorescence 
structure and positioning 
of eucalypt flowers. A = 
the tight clusters of upright 
flowers of E. microcarpa
that are also typical of E. 
melliodora and E. 
macrorhyncha and E. 
polyanthemos. B = E. 
tricarpa inflorescenses 
which are pendulous and 
not in tight clusters, as for 
E. leucoxylon. 
B 
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lower colour 
Stamens of all species were generally cream in colour.  Although individual records 
not kept, a few marked E. tricarpa trees had light to dark pink 
 and E. leucoxylon were the only species whose flowers had quantities of 
F
of colour were 
flowers.  E. leucoxylon flowers on the sampled trees were not observed to display 
colour variation but Costermans (1994) records flowers of E. leucoxylon and E. 
tricarpa  as creamy or pink-red. Other species are not noted to show variation in 
flower colour.  
 
Nectar production 
E. tricarpa
nectar that could be extracted using 75 µl micro-capillary tubes.  The mean volume 
of nectar for E. tricarpa flowers was 12.3 (+ 0.77 se) µl (n = 299).  Nine flowers 
(3.0%) did not contain a measurable amount of nectar; six of these were from the 
same tree and three from the same location but from two different trees.  For flowers 
that did have measurable quantities of nectar, the volume ranged from 0.75 - 86.55 
µl.  For flowers of E. leucoxylon, the mean nectar volume was 14.6 (+1.17 se) µl (n = 
40).  All flowers sampled had measurable quantities of nectar, with volumes ranging 
from 2.7 - 33.5 µl.  
 
For the other four species (E. macrorhyncha, E. melliodora E. microcarpa and E. 
polyanthemos) droplets of nectar could be seen glistening on the inside of the 
hypanthium wall of some flowers.  Nectar was visible in 20% of E. macrorhyncha 
flowers (n = 20 flowers sampled), 17% of E. melliodora flowers (n = 30), 24% of E. 
olyanthemos flowers (n = 150) and 80% of E. microcarpa flowers (n = 100).  p
  
Mean sugar concentrations of nectar samples for E. tricarpa were 25.7% (+0.39 se) 
(n=117, range 17.4-32.4%), and for E. leucoxylon were 26.4% (+ 0.9) (n = 26, range 
18.2 - 33.3%). 
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Discussion 
 
The six Eucalyptus species from the Box-Ironbark region displayed variation in 
floral traits; in flower shape and size (Table 2.1, Fig. 2.3), inflorescence structure 
(Fig. 2.4) and nectar producti ased on the floral traits, two groups of species can 
be recognised: Group 1: E. melliodora and E. polyanthemos 
(which will hereafter be ed the ‘small- flower group’) and Group 2: E. 
leucoxylon and E. tricarpa (which will be hereafter termed the ‘large-flower group’).  
 
The small-flower group displayed syndrom of character traits that generally are 
consistent with those associated with ‘typical’ insect-pollinated plants (see Faegri 
and van der Pijl 1979; Cruden et al. 1983) (Table 2.2). They had small, open flowers 
that were upright and smaller volumes of nectar than Group 2 species.  In contrast, 
Group 2 species displayed a syndrome istent with traits associated with ‘typical’ 
bird-pollinated plants (Table 2.2) (hereafter referred to as the ‘large - flower group’).  
Notable features are large flowers with a relatively deep hypanthium, and large 
volumes of relatively dilute nectar (Fagri and van der Pijl 1979; Raven et al. 1986; 
Proctor et al. 199   
 
E. microcarpa displayed floral traits that were intermediate between the ‘small’ and 
‘large’ flowering groups; it had a relatively deep hypanthium and a greater 
proportion of flowers with visible nectar than for the ‘small’ flowering group (Table 
2.2).  
 
Floral attributes a  important trait that can result in differentiation of pollinators 
and flower constancy among pollinators (Proctor et al. 1996).   As floral traits are 
relatively stable com features (Lawrence 1951), then differences 
between congeneric ies wo p mably be due to some selective advantage of 
one flower type over another. As flowers are the reproductive unit then the selective 
advantage is likely to  certain types of pollinators.  The 
d tion of  p antages, such as attracting the most 
effective pollinators (Rathcke 1983).  
on
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4).  These dates precede the advent of the diversification of 
ustralia’s avifauna, which have evolved with the warming and drying of the 
gh 
time.    
 
If large-flowers attract bird pollinators then we might expect some general patterns to 
emerge.  First, small-flowers should dominate in Eucalyptus species as insects were 
presumed to be the original pollinators (Paton 1986).  This is shown in the dates for 
the appearance of eucalypts which are the Late Palaeocene to Late Oligocene (26 – 
60 mya) (Martin 199
A
continent over the past 10 million years (Keast 1985). Second, small-flowered 
species should flower during spring-summer when insects are most abundant.  Third, 
if large-flowered species are an adaptive trait arising from small-flowers, then ‘large-
flowered’ species could be expected to predominantly flower during cooler months 
when there are fewer insects to consume nectar, thus partitioning pollinators throu
 
These expectations were tested using data on hypanthium width in Costermans 
(1994), for species of temperate southeastern Australia (species from other areas of 
Australia were not included because differences in climate could greatly alter the 
timing of movements of potential insect pollinators (e.g. in arid zones, in tropical 
areas). Comparisons of flower size were based on the results from this study with 
species with a hypanthium width > 5 mm considered large-flowered species (Table 
2.1).  Hypanthium sizes reported by Costermans (1994) are similar to those that were 
und for the six species in this study. fo
 
Large-flowers are rare.  Of the 64 species reported in Costermans (1994), 48 (75%) 
had a hypanthium width <4 mm (Costermans 1994).  Of the 16 ‘large-flowered’ 
species, 8 flowers had a hypanthium width > 5 mm, 4 had > 6 mm, 2 had > 7 mm 
and 2 had a hypanthium width > 10 mm.  As flowers become larger, there are fewer 
species represented.  
 
Significantly more small-flowered species flowered during summer, and significantly 
more large-flowered species flowered during winter (χ2 = 34.1, p < 0.001).  Ninety 
percent of the small-flowered species (<4 mm) flowered during summer (including  
those recorded as flowering in spring-summer, summer, or summer-autumn) 
(Costermans 1994). For the five small-flowered species that did not flower during 
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summer, two flowered in spring, two in autumn and one during winter - spring 
(Costermans 1994). Of the large - flowered species (> 5 mm), 88% (14/16) flowered 
during winter (including winter-spring and autumn-winter and autumn).  All species 
with a hypanthium width  > 6 mm flowered during winter or autumn months 
(Costermans 1994).  The large-flowered group in this study flower during the cooler 
months (Chapter 3).  
 
The data from this study, combined with that of Costermans (1994) suggest that 
er during winter have evolved large flowers.  Large - flowered 
ucoxylon and E. tricarpa were similar in the size and shape of 
owers and nectar production.  The flowers of E. tricarpa and E. leucoxylon were 
nectar was extracted from under this ‘lip’. 
nd the increasingly longer outer whorls of stamens 
extend the depth of the flower (Fig. 2.1).   
eucalypts that flow
species have the potential to contain abundant nectar in flowers.  Because large 
flowers are rare, then this suggests that this trait has evolved from the original 
condition, possibly to attract and maintain bird (or other vertebrate) pollinators.    
The ‘large-flower’ group 
The floral traits of E. le
fl
large and pendulous (Figs 2.1 & 2.2b).  This may allow ready access to nectar by 
birds and, importantly, may deter small nectar-feeding insects (Proctor et al. 1996).  
The presence of a raised in-curved disc on the hypanthium rim for flowers of E. 
tricarpa and E. leucoxylon, appears to be an adaptation to retain nectar in a 
pendulous flower, as most 
 
Keighery (1982) notes that unlike hummingbird-pollinated flowers, which are 
tubular, the cup or bowl-shaped flowers of eucalypts depart from this characteristic 
floral trait of bird-pollinated plants.  However, given the absence of petals, the 
flowers of E. tricarpa and E. leucoxylon have a relatively deep nectar receptacle.  
The fused ring of inner stamens, a
 
Flower colour 
Although all eucalypt trees in this study had predominantly cream-coloured flowers, 
it is notable that it is only E. tricarpa and E. leucoxylon that have pink-red flowering 
varieties of trees within these forests.  The proportions of E. leucoxylon trees that 
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ed flower colouration is often associated with bird pollination (Faegri and van der 
vide 
e strongest evidence of differentiation of pollinators by the two groups. E. 
roducing large quantities of nectar may be relatively ‘expensive’ in the dry Box-
er 1978; Pyke and Waser 1981; 
itchell and Paton 1990).  Insect-pollinated plants often have sugar concentrations 
of 50-60% (Cruden et al. 1983).  
show pink or red colouration can be high, with a study in South Australia 
documenting up to 92% of trees as having pink/red flowers (Ellis and Sedgley 1992). 
 
R
Pijl 1979).  Red is a better attractant to bird pollinators than other colours and red 
flowers are less conspicuous to insects (Raven 1972).  For example, bees cannot 
perceive red because it fades into the background (Raven et al. 1986).   
Nectar volumes 
Differences between nectar volumes of ‘insect’ and ‘large’ flower species pro
th
leucoxylon and E. tricarpa produced relatively large quantities of nectar, with 
maximum volumes of 34 and 87  µl respectively.  These flowers produce similar 
quantities of nectar to that found for flowers of bird-pollinated plants elsewhere 
(Cruden et al. 1983).   
 
P
Ironbark forests due to moisture stress.  There appears to be little reason to allocate 
large amounts of resources to nectar production unless there is some selective 
advantage afforded. I suggest that the selective advantage is the benefits of the use of 
vertebrates as pollinators. 
 
The measured sugar concentrations of E. leucoxylon and E. tricarpa were within the 
range suggested to be preferred by passerine birds, including Australian honeyeaters 
(~20-30 g/100g) (Baker 1975; Bolten and Feinsing
M
The timing of flowering  
There is further circumstantial evidence that E. leucoxylon and E. tricarpa may be 
bird-pollinated.  These species flower during the winter months whereas the other 
species flower during summer (Chapter 3).  Nectarivorous birds are significantly 
more abundant in winter than summer in the Box-Ironbark region (MacNally and 
McGoldrick 1997).  There is a close association between the flowering season of E. 
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imilarities in floral traits among plant species that bloom at the same time, (such as 
ilar time to E. 
leucoxylon.  There is substantial annual variation in the proportions of E. tricarpa 
 not flower in a given year (Chapters 
separation as these species rarely 
ccur in the same stand. However, if birds are major pollinators then they could 
 
oms in which the nectar is well exposed and the stamens are short 
tricarpa and E. leucoxylon and the richness and density of nectarivorous birds 
(MacNally and MacGoldrick 1997; Bennett pers. comm. 2001).  Presumably insects 
would be more abundant during the summer months.  
 
S
E. leucoxylon and E. tricarpa) and have shared pollinators have been found in 
communities elsewhere (Brown and Kodric-Brown 1979).  A primary benefit of 
flowering at the same time and providing similar attractants for pollinators is that 
more potential pollinators may be attracted to the area than either species could 
attract alone (Thomson 1978; Brown and Kodric-Brown 1979; Rathcke 1983).   
 
E. tricarpa, in particular, may benefit from flowering at a sim
trees that flower, and large areas of forest may
3, 4 & 7).  In contrast, E. leucoxylon appears to be a reliably flowering species 
(Chapter 3 & 4; Keatley 1999).   
 
There is some evidence that E. leucoxylon and E. tricarpa can hybridise (Pryor 1953; 
Quinn 1976) but this seems to be rare (pers. observ.).   E. leucoxylon and E. tricarpa 
may have few hybridisation events due to mechanisms that prevent heterospecific 
pollen transfer.  Mechanisms could include spatial 
o
easily fly between E. leucoxylon and E. tricarpa stands.  Other pre-mating barriers to 
hybridization may include differences in flower size, and arrangements of anthers, 
which may alter pollen deposition sites (Fig. 2.3).   
 
The ‘small-flower’ group
Flowers from trees of the ‘small flower’ group; E. macrorhyncha, E. melliodora and 
E. polyanthemos, were small and upright, with their stamens spread in a plane 
containing both anthers and stigma (Figs 2.1 & 2.2a).  This suggests easy access to 
nectar and pollen by insects.  Australian species of anthophilous flies (Nematocera) 
and wasps have short mouth-parts and are restricted to visiting either flat or bowl-
shaped bloss
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rmstrong 1979).  Small flowers can be associated with insect pollination as there is 
).  
species 
(Chapter 3), and the differentiation of pollinators may not be important if there are 
few other pollen grains being transported through the forests.    
Taxonomic similarities 
Could these possible pollination syndromes simply reflect taxonomic similarities?  
Eucalypt taxonomy is based largely upon floral traits, such as anther shape and 
filament attachment (Blakely 1965) and therefore a circular argument arises as to 
whether floral traits are similar because of true genetic relatedness or whether certain 
traits are seen because species’ flowers display adaptations to certain types of 
pollinators.  
(A
little space for nectar retention, and so these types of flowers are unlikely to provide 
enough nectar for the relatively high energy demands of large vertebrates (Faegri and 
van der Pijl 1979).     
 
Two species in the ‘small - flower’ group display spatial separation, which possibly 
acts as an isolating mechanism (E. melliodora and E. macrorhyncha).  The species 
that co-occur (E. macrorhyncha and E. polyanthemos) may prevent hybridization by 
differentiation of invertebrate pollinator types (e.g. bee, fly or butterfly) through 
variation in floral morphology.  In particular, E. macrorhyncha flowers were most 
different to those of other species in the position of anthers and the shape and relative 
position of the stigma to the anthers (Fig. 2.3
E. microcarpa: a pollinator generalist?  
E. microcarpa may be an example of a species of eucalypt that is a pollinator 
generalist.  This species has a pollination syndrome intermediate between those of 
the ‘small’ and ‘large’ flowering species (Table 2.1).  The pollination of species by 
both birds and insects has been found in other studies, although this syndrome 
appears to be relatively rare. Insects may more often be ‘nectar - robbers’ of 
‘hummingbird - flowers’ (e.g. Ipomopsis) and insect - flowers (e.g. Iris and Lilium) 
are not usually utilised by birds (Carpenter 1979).  
 
The benefits of being a pollinator generalist may include an abundant supply of 
pollinators. There is little overlap in flowering of E. microcarpa and other 
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myrtus group, E. leucoxylon, E. melliodora and E. tricarpa are 
the most closely related (series; Me s 
taxonom e outer 
whorl ing 
of flowering va er species; E. 
leucoxylon and y 
related, then this sugg  species that may 
reflect adaptations t uctive advantages.   
s the differentiation of pollinators by floral traits appears to be common in the 
et al. 1986), then there seems to be no reason to assume that it 
ong Eucalyptus species. 
Within the Symphyo
lliodorae) (Pryor and Johnson 1976). Thi
ic affinity is based largely upon the presence of staminodes in th
(Blakely 1965). However, flower size and shape, nectar production and tim
ries greatly between E. melliodora and the two oth
E. tricarpa (Tables 2.1 & 2.2; Figs 2.3 & 2.4).  If they are closel
ests a radiation of floral traits among the
o different sets of pollinators or other reprod
A
Angiosperma (Raven 
would not occur am
 
While the floral traits described here generally correspond with those reported for 
‘typical’ bird and insect pollinated plants in other studies (e.g. Faegri and van der 
Pijl 1979; Raven et al. 1986), it is recognised that there are likely to be many factors, 
biotic and abiotic, that underpin variation between species in the timing of flowering, 
morphology of flowers and nectar production (Faegri and Van der Pijl 1979).  For 
example, nectar volumes in flowers may vary because of flower density (Heinrich 
and Raven 1972), habitat and breeding systems (Cruden et al. 1983).   However, 
there appear to be few data that examine these possible factors.  A limitation of this 
study is that the actual pollinators of Box-Ironbark eucalypts are not known. A 
necessary next step would be to determine whether the actual pollinators of the six 
Eucalyptus species match the apparent pollination syndromes reported here.  
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ses 
at specify the advantages or disadvantages of flowering at a particular time (Janzen 
d by relatively asynchronous flowering (Bawa 1983).   
r limited pollinators (Waser 1978; Cole 1981).  It has been 
uggested that the shape of the flowering curve (i.e. the skewness and kurtosis of the 
Chapter 3 
Flowering phenology of a eucalypt 
community in a Box-Ironbark forest, 
central Victoria, Australia. 
I. The timing of flowering. 
 
 
 
Introduction 
 
Flowering time is a trait that could be critical to plant reproductive success.  The 
proximate causes that allow a particular species to flower at a certain time (e.g. 
rainfall, temperature, photoperiod) need to be distinguished for the ultimate cau
th
1967).  Ultimate causes may include the season of flowering matching that of the 
movements and changes in abundance of pollinators, seed dispersers and herbivores 
(Primack 1985; Johnson 1992; Brody 1997).  Other aspects related to the timing of 
flowering may also be important in plant reproductive success.  For example, 
regularity in flowering time may ensure that pollinators become reliant on a particular 
species (Proctor et al. 1996). This requires a degree of synchrony of flowering time 
among conspecifics, and this also affects the number of individuals that can 
contribute to the gene - pool.  Synchrony can also act to attract a greater number of 
pollinators than could be attracte
 
Species do not flower in isolation, and ultimate causes that result in species 
flowering at a particular time could include interspecific competition for pollinators 
and interspecific gene flow, pollinator availability and nature of floral rewards, and 
selection for the optimization of other life history traits (Bawa 1983).  It is difficult to 
distinguish the effects of selection against interspecific gene flow and the effect (if 
any) of competition fo
s
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ar species even as the number of flowers declines (Rathcke and Lacey 1985).   
idly, perhaps as an adaptive response to attracting 
omson 1980).  A platykurtic 
this type of strategy may be beneficial to plants living in an unpredictable 
 (Bawa 1983).   
Litt g for the majority of Eucalyptus species, 
and for most only the ‘usual’ months of flowering are known (e.g. Goodman 1973; 
94).  Further, few studies have documented the timing of flowering for 
eucalypts (House 1997).  Despite this lack of knowledge, general 
on between years in the timing of 
flowering (e.g. Pryor 1976; Cremer et al. 1978, Law et al. 2000), but this contention is 
ies and little work has been carried out to quantify this variation, or 
(1997) found that E. stellulata trees that had their peak flowering towards the end of 
le seeds, suggesting a link between the 
relationship between flowering intensity vs time) is a response to strong selective 
pressures, mostly in relation to interspecific competition for pollinators (Heinrich and 
Raven 1972; Thomson 1980; Bawa 1983 c.f. Ollerton and Lack 1992).   The 
skewness of flowering curves can be interpreted in terms of pollinator attraction. For 
example, there may be advantages in negatively skewed flowering curves if potential 
pollinators can quickly adjust to a new resource and then remain faithful to a 
particul
 
The kurtosis of flowering curves can provide information on the breeding strategies 
of plants.  For example, peaked (leptokurtic c.f. platykurtic) flowering curves 
indicate that most flowers open rap
pollinators accustomed to visiting other species (Th
curve may indicate that flowers are opened over a relatively long period of time and 
environment as flower production can match resource availability
 
le is known about the timing of flowerin
Costermans 19
co-occurring 
statements about the timing of flowering of the genus Eucalyptus have been made.  
For example, eucalypts are ‘renowned’ for variati
based on few spec
determine why it might occur.    
 
The shape of flowering curves has rarely been examined for eucalypts, but House 
the season had a greater abundance of viab
timing of peak flowering intensity and pollination.  These data were based on one 
season and more year’s data would be required to determine whether this pattern was 
repeated each season. 
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, with signficant values 
und at two sites but not for the third site.  She found that flowering curves were 
 force 
 each 
tween 
The aim of this Chapter is to in e timing of flowering in each of three 
ars for  species w  a B munity. This Chapter 
1.  What is the timing of flowering for each sp
 For ea there regular  the ng between y  and 
among sites? 
 Do spe  skewed and/o ed f ? 
4.  Is there consistency in the relative timing g among species and 
individual trees each flowering season?  
ethod
Study area 
 This study was carried out for three years from November 1996 to March 2000 
ibed in Chapter 2)
y sp
The seven Eucalyptus species studied were Ri camaldulensis ellow 
 E. leucoxylon, Red Stringybar  mac  Box E. microcarpa, 
Yellow Box E. melliodora, Red Box E. polyan Ironbark E. tricarpa.  
Selection of individual trees 
For each species, individual trees were selected in three forest stands of 
pproxima inant or co-d ant. 
tands for each species were at least one kilometre apart.  Only two stands were 
available for sampling E. leucoxylon due to a scarcity of sites with large numbers of 
In another study of flowering curves, Keatley (1999) found that skewness values 
differed between sites for E. polyanthemos and E. leucoxylon
fo
both negatively and positively skewed.   If there is a dominant selective
influencing the timing of peak flowering intensity within each species’, and
tree’s, flowering episode, then this timing could be expected to be consistent be
years.  
  
vestigate th
ye seven Eucalyptus ithin ox-Ironbark com
addresses the following questions: 
ecies? 
2. ch species, is ity in timing of floweri ears
3. cies display r peak lowering curves
 of peak flowerin
M s  
within Rushworth Forest (descr  
Stud ecies 
ver Red Gum E. , Y
Gum k E. rorhyncha, Grey
themos and Red 
a tely 5 ha in size, in which the species was dom omin
S
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is species in Rushworth Forest.  In total, trees were sampled in 13 stands, with th
from one to three species sampled in each stand (Table 3.1).  
 
Table 3.1: Description of the 13 study sites in Rushworth Forest, Victoria. 
Topographic position from personal observations. Approximate height above sea 
level (h.a.s.l.) from 1:100 000 topographic survey map, sheet 7824, ‘Heathcote’ 
edition 3-AAS. See Fig. 2.1 for location of sites within Rushworth Forest. n is the 
number of marked trees at each site. 
 
Site no. Topographic position Approx.  Tree species n 
h.a.s.l. (m) 
 
1 Ridge 420 E. macrorhyncha 36 
 
2 Gully 200 E. melliodora 
E. microcarpa 
28 
43 
 
 Creekline-flat 200 E. camaldulensis 
E. melliodora 
46 
50 
 
 Low hill to  
Creekline 
180 E.  microcarpa 
E. polyanthemos 
E. tricarpa 
28 
39 
34 
 
5 Creekline 200 E. camaldulensis 39 
 
 Low hill to creekline 
gully 
180-200 E. leucoxylon 
E. microcarpa 
24 
51 
 
 Creekline, gully 180 E. melliodora 52 
 
 Mid-slope 220 E. tricarpa 60 
 
3
4
6
 
7 Mid-slope 220 E. tricarpa 58 
8
9
10 Mid-slope 220 E.  macrorhyncha 
E. polyanthemos 
31 
36 
 
11 Ridge 260 E. macrorhyncha 
E. polyanthemos 
32 
27 
 
12 Flat 180 E. leucoxylon 21 
 
13 Flat- creekline 160 E. camaldulensis 57 
 
   TOTAL  794 
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tagged 
ith a unique number.  Five size classes were used based upon stem diameter at 
reast height (DBH): Very small, 5 - 20 cm; Small, > 20 - 40 cm; Medium, > 40 - 60 
m; Large > 60-80 cm and Very large > 80 cm. Therefore five trees in total (one of 
each size class) coul  provided to illustrate 
the design of the stu
 
 
 
 
 
 
 
Figure 3.1:  A diagram esign of the study.   This shows the three levels of the 
study; species, sites and individual trees of different size cla   
inance of coppice 
growth trees within stands.  
 
Within each stand, stratified random sampling was used to locate three centre points, 
and individual trees were then selected from quadrants surrounding each point. In 
each quadrant, the nearest tree of each particular size class was selected and 
w
b
c
d be selected in each quadrant.  A diagram is
dy (Fig. 3.1). 
 
Species 
Site 2 
 
 
 of the d
sses.
 
 
 
If a tree of a particular size class was not available in a quadrant, within 
approximately 50 m of the centre point, then a suitable tree was searched for in other 
quadrants.  A maximum of 20 trees was selected from each centre point and up to 60 
trees of a particular species were selected and tagged in each stand.  However, 
usually fewer trees were selected in each stand (see Table 3.2) because of the scarcity 
of large and very large trees for most species, and the predom
re The number of individuals sampled for each species 
varied from 45 trees for E. leucoxylon to 152 individuals for E. tricarpa (Table 3.2).  
 
 0 -20 40-6020-40 80+ 60-80
Size class (cm diameter at breast height) 
Site 3 Site 1 
 0 -20 40-60 20-40 80+ 60-80  0 -20 40-60 20-40 60-80 80+ 
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Only single-stemmed trees were selected. Coppiced trees were not selected because 
previous root growth and the often multiple trunks of coppice regrowth may affect 
flowering phenology.   The influence of tree size - classes on flowering patterns are 
not described in this Chapter, but this relationship is examined in Chapter 6.   
 
 
Table 3.2: Numbers of marked (sample) 
trees (N) for seven Eucalyptus species in 
Rushworth Forest.   
 
 
Species 
 
 
Numbers of 
marked trees 
  
 
E. camaldulensis 
 
142 
E. leucoxylon 45 
E. macrorhyncha 99 
E. melliodora 129 
E. microcarpa 122 
E. polyanthemos 105 
E. tricarpa 152 
TOTAL 794 
 
 
Each tagged tree was sampled for flower cover at approximately three - weekly 
. 0.6 days,  n = 51).  Flower cover was recorded as the 
uffy) by using 
0.1
30% , 5.5 55%, 6 60%, 6.5 65%, 7 70% flower 
 
r unit area, and was 
intervals (mean 22.9, s.e
percentage of foliage covered in fresh flowers (stamens bright and fl
the following scale (adapted from MacNally and McGoldrick 1997):  0 no flowers, 
 one to a few flowers 0.5 5% flower cover, 1 10%, 1.5  15%, 2  20%, 2.5  25%, 3  
, 3.5  35%, 4 40%, 4.5 45%, 5 50%
cover.  This provided a basis for measuring intensity of flowering. 
Intensity of flowering  (I) was an index of the number of flowers pe
calculated for each tree as:  
I = c x f  
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wh
foli
foll
35% iage cover.  I visually assessed 
Sam  e est to 
ricarpa on 5 January 
997, E. macrorhyncha and E. polyanthemos on 3 February 1997, and E. leucoxylon 
date are reported for the 1996/97 season. E. leucoxylon was 
ear the end of the flowering season when sampling commenced in 1997 and so only 
lensis, E. macrorhyncha 
and E. melliodora), and therefore across two calendar years, the year of flowering is 
first recorded.  For example, for a flowering 
d for any marked tree, and the last sample date on which 
flower cover was noted for any tree.  
s on which the greatest percentage of trees were recorded 
ere c is the maximum flower cover recorded within a season and f is the projective 
age cover (Kershaw 1973).  Projective foliage cover was assessed by using the 
owing scale: 0.5 5% foliage cover, 1 10% 1.5  15% 2  20% 2.5  25% 3  30% 3.5  
 4 40% 4.5 45% 5 50% 5.5 55% 6 60% 6.5 65% fol
projected foliage cover for all trees on a single occasion, over consecutive days.   
Measurements for determination of flowering patterns  
pling commenced at different times for each species, and in order of arli
latest, sampling commencement dates were: E. microcarpa on 28 November 1996, E. 
camaldulensis on 28 December 1996, E. melliodora and E. t
1
on 6 November 1997.  E. camaldulensis and E. melliodora trees were already 
flowering when sampling commenced and only data for the percentage of trees 
flowering at each sample 
n
the two subsequent years data are examined for this species. For all other species, 
trees were not flowering when sampling commenced.   
 
For species that flowered during summer months (E. camaldu
given as the year in which flowering was 
season from December 1998 to January 1999, the year of flowering is reported as 
1998.   
Timing of flowering. 
The timing of flowering was reported in four ways for each species.   
1.  The calendar dates of flowering, which were the sample dates on which flower 
cover was first recorde
2.  The sample date
flowering.  
3.  The half- months in which a species was recorded flowering.  
4.  Mean yearday (e.g. February 1 = yearday 32), which were used to examine three 
stages in the timing of flowering: the commencement, peak and cessation of 
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r of days to the previous sample date (Cadj), 
b) cessation of flowering -  as the yearday of the last day on which flowering was 
equent sample date (Sadj).   
Where individuals flowered fro following year, the number of 
ys difference between years in the mean yearday of each stage of 
s (i.e. the average 
 species, in each flowering 
eason (including skewness and kurtosis values for these curves); 
Flowering curves were generated by calculating the mean intensity of flowering at 
re included all trees that flowered within a season.  In 
flowering.  Because there was minor variation in the number of days between 
sample dates, and because flowering is likely to have begun and finished on days 
between these sample dates, an adjusted measure of the commencement and 
cessation yearday of flowering was calculated as:   
a) commencement of flowering - as the yearday on which flower cover was first 
recorded plus half the numbe
recorded plus half the number of days to the subs
Peak flowering was calculated as the yearday (actual sample date) on which the 
highest flower-cover score (peak intensity) was first recorded.  
 
m one year into the 
days were added (e.g. for a tree that flowered into 1 January of a subsequent year this 
became yearday 366).     
 
The number of da
flowering was calculated.  If differences were greater than 22 day
number of days difference between sample dates), then this was considered to 
indicate variation between years in the timing of flowering.  
Timing of peak flowering intensity 
The timing of peak flowering intensity was examined in three ways with the details 
outlined below.   
1.  flowering curves of intensity versus time for each
s
2.  the percentage time taken to reach peak flowering intensity for each tree, and 
3.  the relative stage at which peak flowering intensity was reached within each 
tree’s flowering episode.   
Flowering curves 
each sample date. This measu
another study of flowering curves, Thomson (1980) counted the number of flowers in 
bloom for over 55 plant species within quadrats along two transect lines every two or 
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d for each marked tree as:  
P  = (k  - c) / d * 100 
e sample date at which the highest flower cover was first 
lowering commenced (Cadj) and d is the duration of 
flowering (D ).  The mean percentage time to peak flowering intensity was calculated 
 within each tree’s 
owering episode was categorized as: 1. ‘early’, 2. ‘mid’ and 3. ‘late’.  These 
re than one sample date in at least two years were 
cluded in analyses.  
greatest proportion of trees that were at each of three flowering stages on the same 
three days for the duration of the flowering season.  The number of flowers in bloom 
was then plotted against time, and the resultant flowering curves were examined for 
skewness and kurtosis (Thomson 1980).  In this study, it was not possible to count 
the number of flowers in bloom and therefore ‘intensity of flowering’ is used as a 
substitute measure as it still provides an indication of the timing of when the most 
flowers on each tree are open.   
Percentage time to peak flowering intensity 
The percentage time taken to peak flowering intensity was a measure of when the 
maximum flower cover was first recorded within each tree’s flowering episode.  The 
time to peak intensity (P) was calculate
where k is the yearday of th
recorded, c is the yearday when f
adj
for each species.  
Relative stage of peak flowering intensity for each tree  
The relative stage at which peak flowering intensity occurred
fl
categories refer to whether maximum flowering intensity was recorded on a sample 
date less than half-way, half way, or more than half way through an individual tree’s 
flowering episode, respectively.   While all flowering stages are reported, comparison 
is made only between ‘early’ and ‘late’ flowering trees.   
 
The relative stage at which peak flower cover was reached was compared between 
years for each tree, to determine whether individuals were consistent between years 
in relative peak flowering times (e.g. displaying ‘early’ peak flowering in all years).  
Only trees that flowered on mo
in
Synchrony of flowering  
Synchrony of flowering among conspecifics was measured by calculating the 
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nd cessation of flowering.  A value of 1.0 for 
peak flowering, for example would indicate total synchrony of flowering among 
ached peak flowering intensity on the same sample 
cause species are unlikely to display complete synchrony or 
Data were transformed using log10 or square root, where appropriate, to meet 
ssumptions of normality and homogeneity of variances (Underwood 1997). 
 of 
 of variance was not always met.  However, analysis of variance is 
bust to departures from these assumptions when there are relatively large sample 
and data are balanced (Underwood 1997).   Sample sizes were always 
ta was difficult as the assumptions of 
normality and homogeneity of variances could not be met.  This was because of the 
‘extra’ flowering season in 1998 that resulted in a bimodal curve and large variances.  
sample date in each year.  The three flowering stages were commencement of 
flowering, peak flowering intensity a
conspecifics (e.g. all trees re
date).   However, be
asynchrony of flowering, some interpretation of the synchrony values needs to occur.  
Augspurger (1983) used relative values for selected plant species, which were 
regarded as displaying ‘low’ synchrony values when less than 0.50,  ‘medium’ 
values at 0.77 and 0.82, and ‘high’ values above 0.89.  However, there was no 
statistical basis for this interpretation. In this study, relative values are used to 
compare between species and years.   
Statistical analysis 
Mean yearday of flowering  
For each species, two-way between groups analysis of variance was used to analyse 
the effects of year and site on the mean yearday of peak flowering intensity for 
individual trees. Where there was a significant effect, Tukey’s Honestly Significant 
Difference test was used as a post hoc test (Underwood 1997).   
 
a
Percentage data were arcsin transformed (Underwood 1997). The assumption
homogeneity
ro
sizes (n>6) 
greater than six for each site in each year (except E. melliodora with six, five and 
seven trees at each site respectively, in 1997, and note that only 1998 and 1999 data 
were analysed for E. tricarpa).  
 
For E. macrorhyncha, statistical analysis of da
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his species is given only for the summer flowering 
Skewness and Kurtosis values were generated in Excel (Microsoft).  The significance 
of the extent to which the skewness (g1) and kurtosis (g2) values differ from zero 
could not be statistically analysed because this requires a minimum of nine data 
points (Zar 1996).  In this study, there were usually less than nine data points for 
each curve each year.  For the minimum number of data points (n = 9) a value of 1.4 
is significant at α = 0.05, and 1.9 at α = 0.01 (Zar 1996).  In this study, to provide 
some indication of highly skewed or platykurtic curves, values greater than +
Therefore, statistical analysis for t
events, as these occurred each year.  
Timing of peak intensity  
Flowering curves 
 2.0 will 
be considered to be high.  
Percentage time taken to reach peak intensity 
The timing of peak intensity of a species, as a percentage of the total flowering 
duration, can provide information as to whether flowering is skewed in a particular 
direction.  t-Tests were used to determine whether the timing of mean peak intensity 
of all trees in a species differ significantly from the mid-point of 50%, where,  
      
t  =  Χ - µ 
       sΧ  
 
where µ = hypothesised mean (50) and sΧ  is the standard error of the actual mean 
(Zar 1994). 
 
Results 
The flowering patterns of seven species of eucalypts were monitored for three years, 
from November 1996 to March 2000, by recording flower cover of individual trees 
across several sites for each species.  Annual flowering was displayed by all species, 
except E. camaldulensis, which failed to flower in 1997, and E. macrorhyncha, 
which displayed biannual flowering in 1998.   
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alendar dates of flowering  
he calendar dates on which flowering commenced and ceased differed between 
 of 
E. 
olyanthemos, and for cessation were the same for E. melliodora (Table 3.3).  
C
T
years for each species (Table 3.3).  The calendar dates of the commencement
flowering were in the same month in each year for E. microcarpa and 
p
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Table 3.3: The calendar dates for the commencement and cessation of flowering in 
each of three years for seven Eucalyptus species. ? = date of commencement 
unknown. 
 
 Commencement Cessation 
Species 
 
1997 1998 1999 1997 1998 1999 
E. camaldulensis  19 Nov 2 Dec  2 Feb 16 Jan 
E. leucoxylon ? 8 May 28 May 15 Dec 9 Jan 23 Dec
E. macrorhyncha 1 Jan 16 Dec 16 Jan 12 Feb 19 Jan 28 Feb 
E. melliodora 15 Dec 29 Sep 20 Oct 21 Jan 9 Jan 16 Jan 
E. microcarpa 25 Feb 12 Feb 25 Feb 28 Apr 30 May 3 May 
E. polyanthemos 24 Sep 29 Sep 22 Sep 22 Nov 16 Dec 23 Dec
E. tricarpa 7 Jul 1 Mar 30 Jun 27 Jul 19 Nov 22 Sep 
 
 
Overlap in flowering times among species  
Flowering times varied among the seven species which resulted in at least one 
species flowering on each sample date, and consequently there was year-round 
flowering (Fig. 3.2).  There was often some overlap in flowering times of species 
(Fig. 3.2).  For example, on the last sample date that E. macrorhyncha was recorded 
flowering in 1998, E. microcarpa began flowering, and as E. microcarpa reached 
peak flowering, E. tricarpa began flowering (Fig. 3.2).  Similarly, as fewer E. 
tricarpa trees were flowering, the number of E. polyanthemos trees that were 
flowering increased and as E. polyanthemos was finishing flowering the number of 
E. melliodora trees flowering was increasing (Fig. 3.2). 
 
There were differences between species in the sample dates on which the greatest 
percentage of trees flowered each year (i.e. a separation of flowering peaks) (except 
in 1998 on 21 October for E. leucoxylon and E. polyanthemos, and in 1999 on 9 
January for E. camaldulensis and E. melliodora)(Fig. 3.2).   
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There was marked variation between years in the percentage of trees flowering in 
any particular month (Fig. 3.2).  For example, in January of each year, 74.2% (1997), 
0% (1998), 51.4% (1999) and 19% (2000) of E. camaldulensis trees were flowering. 
In July of each year, the percentage of E. tricarpa trees flowering was 0.6% (1997), 
88.5% (1998) and 5.9% (1999). Similarly, in August 1998, 71.4% of E. leucoxylon 
trees were flowering compared to 37.8% in August 1999.  In October, 5.7%, 70.5% 
and 38.1% of E. polyanthemos trees were flowering in each year, respectively (Fig. 
3.2).  
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Figure 3.2:  The percentage of trees  in three
Species are separated into two graphs for ease of inter
 years, in Rushworth Forest Victoria.  flowering for seven Eucalyptus species
pretation.  
Yearday month 
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Flowering half-months 
Variation b ing of
com  flowered (Fig. 
3.3).  E. microcarpa and E. polyanthemos rly consistent in the timing 
of flowering.  E. microcarpa consistently flowered in the  half-months from mid-
Fe ry  the end of April in each of the three years. E. polyanthemos flowered in 
the half-m ber in each year (Fig. 3.3).  
For the two years data for , flowering half-months 
were similar in each y 3). aldulensis consistently flowered in 
December and January of each year and  flowered from mid-May 
through to the end of December in both years.  
 
For the other three species; E. macrorhyncha, E. melliodora and E. tricarpa, 
flowering was not as consistent between y s for the other species.  E. 
macrorhyncha een years in the half-months in 
which flowe summer, but also had 
one year, 1998, when a few trees flowered E. 
melliodora, flowering occurred in all three year ber and early January, but 
th everal half-months when fl each year (Fig. 3.3). 
For . t arpa, there were only two half- es 
overlapped in all three years.  In two years; 1998 and 1999, E. tricarpa flowering 
tim ber (Fig. 3.3).   
 
etween years in the tim  flowering is further displayed in the 
months in which each species
 were particula
nd of Novem
 and E. leucoxylon
E. cam
E. leucoxylon
ears a
usually flowered in 
 over the cooler months (Fig. 3.3). For 
s in Decem
owering did not coincide 
months (July) in which flowering tim
parison between years in the half-
brua
ere w
E
es overlapped from
 to
onths from mid-September to the e
E. camaldulensis
ear (Fig. 3.
 displayed the most variation betw
ring occurred, as this species 
ere s
ric
 mid-June to the end of Septem
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Calendar dates of the greatest percentage of trees flowering  
a
Table 3.4:  A comparison between years of the greatest percentage of all trees 
There were often similarities between years in the sample dates on which the gre test 
percentage of trees were recorded flowering (Table 3.4).  For example, this was in 
late October each year for E. leucoxylon and in March for E. microcarpa.  The 
species that displayed the most variation was E. macrorhyncha, which had the 
greatest percentage of trees flowering in two consecutive months over the three years 
(Table 3.4).    
 
 
 
that flowered for seven Eucalyptus species.  Peak % of trees flowering is 
greatest percentage of all trees that flowered on the date when the most trees 
were recorded flowering. Total % of trees that flowered is the total for all trees 
at any sample date.  
 
Species Season Sample date Peak % of 
trees 
flowering 
Total % of 
trees that 
flowered 
E. camaldulensis 1998 9 January 51.4 57.8 
 1999 23 December  37.3 43.0 
E. leucoxylon 1998 29 Sep & 21 Oct 73.3 86.7 
 1999 16 January 32.3 49.5 
E. melliodora 1997 1 January 12.2 14.0 
 1998 16 December 83.7 94.6 
 1999 23 December 32.3 35.7 
E. microcarpa 1997 17 March 15.9 18.9 
 1998 11 March 73.8 86.1 
 1999 16 March 28.9 37.7 
E. polyanthemos 1997 6 November 29.5 36.2 
 1998 21 October 70.1 81.9 
 1999 10 November 44.8 62.8 
E. tricarpa 1997 27 July 2.0 2.0 
 1998 21 July 88.5 96.6 
 1999 24 August 15.1 22.5 
 1999 20 October 91.1 93.3 
E. macrorhyncha 1997 12 February 56.0 58.6 
 1998 2 February 9.1 30.3 
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Mean yearday of the commencement, peak and cessation of flowering 
Each species displayed s milarit et n h  
in the m an year  the comm ), peak, and cessation (Sadj) of 
flowering (see range values for the n e f s r e between years in each 
flowering stage for each species; Table 3.5).  F encement of flowering, 
the m um difference between years was 81 days between 1998 and 1999 for E. 
tricarpa d the least was zero days for 
( ).  There s le a 2 s
at least two of the three years in the comme o
except 
 
The m re similar between years for 
all species when commencement and ssation of flowering.  There was less than 22 
days difference between all three years for all species, except between 1997 and 
1998 for een 1998 and 1999 for  (Table 3.5). E. 
microcarpa displayed marked similarity of flowering times between years, with zero 
to one days difference (Table 3.5).  
 
There was less than 22 days difference betw ay 
of the cessation of flowering for five species. The exceptions were E. macrorhyncha 
between 1998 and 1999 and E. tricar e en 199 d 8 (Table 3.5).   
 
i
 of
y b wee
encem
 eac
ent (C
 year, or at least two of the three years
adje
axim
, an
Table 3.5
E. leucoxylon
ean yearday for peak flowering inte
E. macrorhyncha
day
umb rs o
 
day
or the comm
diffe enc
E. microcarpa
 difference (i.e. sampling interval) between 
 between 1997 and 1999 
 wa ss th n 2  day
ncement f flowering for all species 
 (Table 3.5).   
nsity was mo
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 and betw E. tricarpa
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twe
 the three years in the mean yeard
7 anpa b  199
 88
 Mean yearday of the commeTable 3.5: ncement sati of  each of three (Cadj), peak intensity and ces on (Sadj) flowering in years, and the minimum and 
maximum nge) bet for each eri r seven Eucalyp
February 1 rom indiv  standard rs i . (- = no data ava
 
cem
number of days difference (Ra
= yearday 32. Values are means f
 Commen
ween
idua
 yea
l tree
rs i
s for
ent 
n me
 eac
an 
h spe
year
cies
day 
 with
flow
erro
ng time,  fo
n parentheses
Peak 
tus species.   Yearday are e.g. 
ilable, see ‘Methods’). 
Cessation 
 
Species 
 
1999 Range 1997 1998 1999  1997 19981997 1998 
(days) 
  Range
(days) 
 1999 Range
(days)
 
E. camaldul 347 (6.1) 
 
  366 (1.6) 35 .1) - 382 (1.3)
E. leucoxylo 211 (7.0) 
 
28 - 264 (4.8) 273 (7.4) - 320 (3.1)
E. macrorhy 378 (1.5) 
 
(1 393 (1.5) 419 (0.6) 366 (20)
E. melliodor 378 (3.3
 
1.6) 359 (3.4) 378 (2.7) 380 (1.6)
E. microcarpa 66 (2.1) 
 
0 - 7 81 (3.3) 82 (1.5) 81 (2.3) 95 (3.7) 108 (2.1)
E. polyanthemos 285(2.2) 
 
(4.0) (1.7) 324 (2.1) 321 (1.9)
E. tricarpa 208 (5.5
 
3 236 (3.6) 216 (3.8) 260 (1.3)
ensis - 353 (1.3) 
n - 183 (7.8) 
ncha 390 (1.4) 334 (18) 
a 359 (0.4) 317 (1.9) 
66 (2.7) 59 (1.1) 
297 (2.2) 272 (1.9) 
191 (7.0) 127 (2.5) 
6 - 6 (6  10 
  9 
 12 - 52
 7 - 19 
0 - 1 
  6 - 16 
 6 - 37 
379 (1.7) 3 
331 (8.3) 11 
 405 (1.7) 14 - 53
375 (3.6) 3 - 5 
97 (2.7) 11 - 13
323 (2.1) 2 - 3 
255 (3.2) 5 - 44 
12 - 56 405 (6.0) 353 9) 
) 19 - 61 366 (3.2) 347 (
12 - 25 313 (1.8) 297 307 
) 17 - 81 205 (3.3) 199 ( .1)
 cessation of
(Ta
the effect of year and site on 
to the comm
inte
feeding fauna. 
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There was a positive correlation between yearday for the commencement, peak and 
 flowering of m rked trees (Pearsons correlation, two-tailed, p< 0.05)  
ble 3.6).  Peak flo n te  was used in further analyses because results for 
the timing of peak intensity are likely to be also relevant 
e n s n of flowering. The timing of peak flowering 
nsity is of interest in understanding floral resource abundance for blossom - 
le 3.6: rs o (two - tailed) for the relationship between  
a
g inweri nsity
encem nt a d ce satio
Pea on c rrelation coefficients 
yearday of 
flowering (S
Significant va
 
Species 
 
com
adj
lues (p < 0.05) are given in 
menc nt adj peak flowering intensity (P) and cessation of 
) in each of three years for marked trees of seven Eucalyptus species. 
bold.  ( _ = no data available, see ‘Methods’). 
1997 1998 1999 
eme  (C  ), 
 
E. camaldule
Cadj
P 
S
P 
& 
Sadj  
Cadj & 
P 
Sadj & 
P 
Cadj & 
Sadj   
Cadj & 
P 
Sadj & 
P 
Cadj & 
Sadj  
  
sis 0.93 0.64 0.59 0.17 0.03 0.40 
 & adj & Cadj
n _ _ _ 
E. leucoxylon 
E. macrorhyncha 
E. melliodora
E. microcarpa 
E. polyant
E. tricarpa 
_ _ _ 0.36 0.35 -0.12 0.24 0.23 0.12 
0  0.86 0.80 0.77 0.92 0.71 
0  0.62 0.62 0.87 0.89 0.79 
0.77 0.78 0.62 0.54 0.62 0.22 0.83 0.85 0.70 
0  0.20 0.40 0.63 0.87 0.37 
_ _ _ 0.54 0.65 0.35 0.68 0.87 0.48 
.54 
.94 
0.55
0.55
0.23 0.98 
0.55 0.71  
hemos .69 0.89 0.52 0.25 
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polyanthem
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There was a significan
species, 
macrorhyncha
 
ay O s e a significant effect of year on the mean 
 for trees of three species; E. macrorhyncha, E. 
os and E. tricarpa (Table 3.7).  For these species, peak intensity was 
 earlier in 1998 ther years (Tukeys h.s.d. Post Hoc test). 
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Species 
 
Factor 
  
E os 
med). Significant values (p<0
 
E. camaldulensis 
are shown in bold.  
E. leucoxylon 
 
E. macrorhyncha 
 
E. melliodora . microcarpa 
 
E. polyanthem
 
E. tricarpa 
 F5, 138 p F3, p F76 p F8,127 p F8,176 p F7, 164 p F8,178 5, 174 p 
Year  10.  003  
Site 13 002 
Year*Site 0.6  .50  
6.86 0.12
6.68 0.13 
 1.83 0.17 
01 0.20 43.2 0.002 6.42 0.052
.2 0.17 1.1 0.42 0.99 0.43 
1 0.44 4.1 0.004 1.49 0.21
0.39 0.71 21.7 0.
0.07 0.93 18.7 0.
4.89 0.003 0.85 0
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19.0 0.04
2.98 0.25 
1.30 0.27
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Flowering curves 
Flowering curves were generated from the mean intensity of flowering at each 
sample date (Figs 3.4 & 3.5).  Skewness and kurtosis values for each species each 
year are given in Table 3.8.  Note that those values + 2.0 are considered to be high in 
this study.  
 
The sample date on which peak flowering intensity was recorded varied between 
species in each year except for 1998, when E. camaldulensis and E. melliodora had 
peaks on the same sample date (Fig. 3.5). E. macrorhyncha had a peak  flowering 
e different to that of the other two species each year (Fig. 3.5).  For E. 
microcarpa, E. tricarpa, E. leucoxylon and E. polyanthemos, peaks of contiguously 
flowering species were separated by a minimum of five sample dates in 1997, and 
one sample date in both 1998 and 1999.   
 
Flowering curves were generally not highly skewed or peaked, and for species for 
which this did occur it was not repeated each year (Table 3.8; Figs 3.4 & 3.5). E. 
camaldulensis had a high positive skewness and kurtosis values in 1998 but  not in 
1999 (Table 3.8).  For E. leucoxylon, skewness and kurtosis values were never high 
(Table 3.8).  The shapes of E. macrorhyncha flowering curves were different 
between years, with positively skewed highly peaked curves in 1997 and low values 
in 1999 (Table 3.8). E. melliodora never displayed high skewness or kurtosis values 
(Table 3.8).  High values of positive skewness and peaked curves were displayed by 
E. microcarpa in 1997 but not in 1998 or 1999 (Table 3.8).  E. polyanthemos 
displayed low positive skewness values each year, and was highly peaked in 1997 
but slightly platykurtic in 1999 (Table 3.8).  E. tricarpa did not display high values 
for kewness or kurtosis and values varied each year (Table 3.8).  
 
There did not appear to be a consistent relationship between years and the shapes of 
flowering curves of each species (e.g. not all species displayed positively skewed and 
highly peaked flowering in 1997 and negatively skewed and platykurtic flowering in 
1998), (Table 3.8).  However, high values were only displayed in 1997, and this was 
for four species (E. camaldulensis, E. macrorhyncha, E. microcarpa and E. 
polyanthemos). 
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   Sample date Figure 3.4: Flowering curves for four Eucalyptus species that flowered in each 
of three years.  Flowering curves were generated from mean flowering intensity 
per tree at each sample date.  Note that scales differ for each year.  This was 
necessary for ease of interpretation of the shapes of curves.  Error bars are one 
standard error but values were small and are not visible.  92
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Table 3.8: Skewness and kurtosis values of the 
flowering curves for seven Eucalyptus species.  For 
graphic illustration of flowering curves see Figure 3.4.  
Values that are considered to be high in this study are 
shown in bold. Standard errors are given in parentheses. 
Na = not applicable because too few data points. 
 
Species Year Skewness Kurtosis  
E. camaldulensis 1998 2.15 (0.6) 4.46 (1.2) 
 1999 0.75 (0.5) -0.56 (0.9) 
E. leucoxylon 1998 0.68 (0.4) -0.1 (0.8) 
9 0.98 (0.2) 0.85 (0.5) 
E. microcarpa 1997 2.83 (0.8) 8.00 (1.5) 
 1999 0.24 (0.4) -0.45 (0.73) 
E. macrorhyncha 1997 1.80 (0.6) 3.59 (1.2) 
 1998 na na 
 1999 0.97 (0.7) 0.85 (1.4) 
E. melliodora 1997 1.37 (1.0) 1.8 (2.6) 
 1998 0.83 (0.6) 0.79 (1.1) 
 199
 1998 0.63 (0.3) 0.02 (0.5) 
 1999 0.51 (0.6) -0.59 (1.1) 
E. polyanthemos 1997 1.30 (0.7) 2.56 (1.6) 
 1998 0.64 (0.3) 0.80 (0.6) 
 1999 0.72 (0.4) -0.71 (0.8) 
E. tricarpa 1998 1.06 (0.6) 0.22 (1.2) 
 1999 0.73 (0.2) -0.05 (0.4) 
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Percent time to peak intensity  
There was no significan the mean percent of the flowering duration 
at which individual trees reached peak intensity (mean time to peak), except for E. 
polyanthemos (Table 3. h  mean time to peak was significantly less 
in 1998 compared with 1999 (Tukeys Post hoc test).  Similarly, there was no 
significant effect of site on e to peak intensity (Table 3.9).  
There was a sign icant inte  of year and site for E. leucoxylon (Table 
3.9).  T  sug ts tha e sites with relatively extended or brief times to peak 
intensity varied between years.   
 
Across all year e m e to reach peak flowering intensity for all 
species ranged between 43% (E. melliodora 1997) to 59% (E. polyanthemos 1999) 
(Table 3.10). All species, except , had one year in which the timing 
of peak intensity differed significantly from the mid-point of 50%, and for E. 
melliodora is occurred 0). No species was consistent in that 
mean percentage time taken to peak intensity was significantly different from the 
mid-point in a ear (T e 1   
 
Variation a ong individual trees in percent time to peak intensity 
There was substantial varia  the percent time to peak 
intensity (T ars, the percentage time to peak for E. 
camaldulens  s g ately 20 - 80% of each tree’s flowering 
duration.  F r eucoxylon this was from 13 - 90%, E. macrorhyncha from 10 - 
80%, E. melliodora from  5 E. microcarpa from 13 - 96%, E. polyanthemos 
from 11 - 92% and for E. tricarpa
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Table  3.9: Two-way analysis of variance results for the effects of year and site on mean percentage time taken to reach peak intensity for seven 
Eucalyptus species. (Data were arcsine transformed). Significant values (p > 0.05) are shown in bold.  
 
Species 
 
E. camaldulensis E. leucoxylon E. macrorhyncha E. melliodora E. microcarpa E. polyanthemos E. tricarpa 
Factor F p F p F p F p F p F p F p 
Year 0.26 0.66 0.11 0.80 5.35 0.07 4.72 0.08 1.11 0.41 16.93 0.002 0.03 0.87 
Site 0.67 0.60 0.01 0.94 1.53 0.31 1.57 0.26 0.61 0.59 0.99 0.40 0.29 0.78 
Year*Site 1.84 0.16 8.00 0.01 0.84 0.50 0.61 0.66 1.22 0.30 0.29 0.88 2.62 0.08 
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Table 3.10:  Mean time to peak intensity (P) (% of 
flowering duration) for individual trees in each of three 
years, for seven Eucalyptus species.  Values are means with 
one standard error in parentheses, and the range of values is 
given below these figures. Values significantly different to 
the mid-point of 50% are shown in bold (p < 0.05). 
 
Species Mean time to peak intensity 
 1997 1998 1999 
 
E. camaldulensis 
 
 
_ 
 
48 (1.0) 
19-76 
 
 
47 (2.0) 
21-80 
E. leucoxylon 
 
_ 57 (3.0) 
21-91 
54(7.0) 
13 - 89 
 
E. macrorhyncha 
 
49 (2.1) 
22-81 
 
47 (1.6) 
9-73 
55 (1.3) 
27-76 
E. melliodora 
 
43 (1.7) 
22-46 
 
46 (1.8) 
17-85 
52 (2.7) 
26-77 
E. microcarpa 
 
47 (2.6) 
38-86 
  
48 (1.5) 
13-96 
45 (1.8) 
20-95 
E. polyanthemos 
 
56 (3.0) 
29-84 
 
49 (2.3) 
14-83 
59 (1.8) 
24-82 
E. tricarpa 
 
54 (1.0) 
47-68 
54 (1.0) 
11-92 
54 (2.0) 
20-83 
 
 
 
 
Relative stage of peak flowering intensity for trees: early, mid or late 
season. 
Each relative stage of flowering; ‘early’, ‘mid’ and ‘late’ season, was displayed by 
each species (Fig. 3.6).  There was a trend for a greater percentage of E. 
camaldulensis, E. melliodora and E. microcarpa trees to have peak flowering 
intensity ‘early’ in each tree’s flowering episode, and for E. polyanthemos and E. 
tricarpa to have a greater percentage of trees having peak flowering intensity ‘late’ 
in each tree’s flowering episode. For E. leucoxylon and E. macrorhyncha the number 
of trees displaying either ‘early’ or ‘late’ peaks were similar (Fig. 3.6).  
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Figure  3.6: The percentage of trees that showed each of three relative stages; ‘early’, 
‘mid’ or ‘late’, of  peak flowering intensity within each trees flowering episode, for 
seven Eucalyptus species.  Three years data were combined; 1997, 1998 and 1999. Number
a
a
could be included in analyses.  
 
 
Comparison between years for each tree in relative time to peak 
intensity 
The relative stage of flowering at which individual trees displayed peak intensity was 
compared between years for each tree. Only trees that flowered over more than one 
sample date for more than one year were compared.  I
c
 
For E. camaldulensis, only two trees flowered for more than one sample date in both 
years, and one of these trees reached peak intensity ‘early’ in both years and the 
other peaked ‘early’ in 1999 and ‘late’ in 1998.  Of the 38 E. leucoxylon trees that 
flowered for more than one sample date in both years, 31 trees (80.6%) differed 
between years in the relative stage of peak intensity.  Of the remaining seven E. 
leucoxylon trees that had the same relative stage of peak each year, six trees peaked 
late in both years and one tree peaked early in both years.  
 
No marked E. macrorhyncha trees flowered for more than one sample date in more 
than one y
th
year, two trees had ‘early’ pea
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rly’, in each tree’s flowering 
pisode.  
0.31 for commencement of 
owering of E. leucoxylon trees in 1999 (Table 3.11).   
 
There were differences between years in the level of synchrony.  In general, for all 
species, flowering synchrony was relatively high in 1997 (i.e. >65% of trees reaching 
each flowering stage on the same sample date, except for cessation of flowering for 
E. polyanthemos), low in 1998 (i.e. less than 50% of trees reaching each flowering 
stage on the same sample date) except E. camaldulensis and E. melliodora) and 
moderate in 1999 (i.e. 50 - 65% of trees reaching each flowering stage on the same 
sample date) (except E. camaldulensis) (Table 3.11).  
 
microcarpa trees peaked ‘early’ in each year, and the other five trees (55.5%) 
differed between years in the relative stage of peak flowering intensity.  Of the 
seventeen E. polyanthemos trees, ten (59%) peaked at different stages each year, and 
three trees peaked ‘early’ and four ‘late’ each year.  For E. tricarpa, six of 12 trees 
(50%) varied between years in relative stages.  Four of these trees reached peak 
intensity ‘late’, and the other two trees reached peak  ‘ea
e
 
Synchrony of flowering  
Levels of flowering synchrony for each species were based on the greatest 
percentage of trees that commenced, peaked or ceased flowering on a single sample 
date.  No species displayed totally synchronous or asynchronous flowering (Table 
3.11).  The greatest level of synchrony was 0.97 for the cessation of flowering of E. 
macrorhyncha trees in 1997, and the lowest was 
fl
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Table 3.11:  Levels of synchrony in the commencement (Com), peak intensity (Peak) 
and cessation (Cease) of flowering for individual trees in each of three years, for seven 
Eucalyptus species.  Synchrony values are based upon the greatest percentage of trees that 
displayed the same relative stage of flowering on a single sample date (see Methods for a 
detailed explanation).  
 
  1997   1998   1999  
Species Com Peak Cease Com Peak Cease Com Peak Cease
 
E. camaldulensis 
    
0.73
 
0.76
 
0.87
 
0.80 
 
0.74 
 
0.50
E. leucoxylon    0.39 0.44 0.46 0.31 0.50 0.64
E. macrorhyncha 0.78 0.88 0.97 0.57 0.43 0.40 0.63 0.50 0.52
E. melliodora 0.72 0.72 0.83 0.51 0.59 0.55 0.68 0.56 0.53
E. microcarpa 0.65 0.65 0.65 0.82 0.49 0.36 0.64 0.57 0.57
E. polyanthemos 0.66 0.68 0.55 0.46 0.49 0.54 0.50 0.53 0.61
E. tricarpa n/a n/a n/a 0.33 0.39 0.42 0.42 0.64 0.52
 
 
Synchrony of flowering among individual trees  
For each species, each trees’ flowering episode overlapped with at least one other 
tree. For example, while only one tree may have begun flowering when no other 
trees of that species were flowering, that tree continued to flower when other trees 
began flowering. 
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Discussion 
The timing of flowering of a Eucalyptus community  
The seven Eucalyptus species displayed a characteristic season of flowering (Table 
3.3; Fig. 3.3). Flowering seasons varied between each species resulting in year-round 
flowering in the Box-Ironbark eucalypt community (Fig. 3.2).  E. camaldulensis and 
E. macrorhyncha flowered during the summer months followed by E. microcarpa 
which flowered during autumn. The usual flowering season of E. tricarpa was during 
autumn and winter. E. leucoxylon flowered from winter through spring and into early 
summer.  E. melliodora flowered in spring through to early summer (Fig. 3.2).   The 
flowering times recorded in this study generally agree with other reports of the 
months in which these species flower (e.g. Goodman 1973; Costermans 1994; 
Keatley 1999).    
 
The proximate cause of the timing of flowering in plants is likely to be hormones, the 
release of which are controlled by photoperiod, temperatures, the amount of 
resources stored in plants and other factors (Raven et al. 1986).  In eucalypts, many 
species display labile flowering times while others exhibit regular flowering dates 
(House 1997). Regularity in flowering times of some Eucalyptus species may be due 
to rhythms of vegetative growth and reproductive activity associated with seasonal 
patterns of mean daily temperature and intensity of solar radiation (Bolotin 1975; 
Specht and Brouwer 1975; Friedel et al. 1993).   In this study, most species displayed 
a regular flowering season (except E. macrorhyncha) but the timing of flowering 
appeared to be tempered by environmental factors.    
 
The most important environmental features that are likely to affect flowering time 
are temperature and rainfall. Variation in temperature influences the rate of eucalypt 
bud development and therefore flowering time (White 1979; Sedgely and Griffin 
1989).  The effect of rainfall and temperatures on eucalypts is also evidenced by 
eucalypt trees planted in the tropics which show greatly extended flowering seasons 
(during the ‘wet’) compared to trees in ‘natural’ settings (Cremer et al., 1978).   
 
Temperature and rainfall are prime factors in soil moisture availability (although 
there are several factors involved and the relationships are complex)(Kozlowski 
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1982).  Soil moisture is likely to be of prime importance to the amount of resources 
given to reproduction in eucalypts each year (Specht and Brouwer 1975; Kozlowski 
1982; Bowman and Kirkpatrick 1986; Gurses and Ozkurt 1995; Judd et al. 1996; 
Tolhurst 1997).  A long period of below average rainfall may result in later flowering 
than a year of above average flowering (Ashton 1975a).  In this study, flowering 
commenced earlier in 1998 than other years for all species (except E. polyanthemos) 
(Table 3.3).  This suggests that previous weather conditions were favourable for 
early flowering in that year.  A longer term study is required to determine the effects 
of rainfall and temperature on the timing of flowering of eucalypts within Box-
Ironbark forests.  
 
Generally, the regularity in flowering times of most of the eucalypt species suggests 
that this trait offers selective advantages. Advantages may include providing reliable 
resources for pollinators on which they can become dependent and therefore are in 
turn reliable pollinators (Bawa 1983).  Additionally, regular flowering times may be 
a result of the appropriate matching of flowering times to the timing of the 
abundance of seed dispersers, herbivores and seed predators (Brody 1997).  
 
There were differences between sites in the timing of flowering each year. If rainfall 
and temperatures (among other environmental variables) influence the timing of 
flowering, then sites may respond differently to these changes due to site-specific 
attributes.  The interactions are likely to be complex but it may be that, for example, 
a dry year may affect resource availability at a north-facing slope more than a south-
facing slope, whereas a relatively wet year may result in a similar timing of 
flowering for all sites.   
 
Variation between sites in the timing of flowering has been attributed to altitudinal 
gradients (Van Loon 1966; Hodgson 1976; Savva et al. 1988), differences in soil 
type (Florence 1964) and genetic influences (Ashton 1975; Griffin 1980; Friedel, et al. 
1993; Bassett 1995; Gore and Potts 1995). In this study area, where sites were 
relatively close, there are no known differences among sites in soil types (LCC 
1978), and there are limited topographical differences among sites of the same 
species (Table 3.1).   
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There is a relationship between vegetative growth and flowering in eucalypts, and if 
vegetative growth is opportunistic and dependent upon resource availability, then 
eucalypts may display labile flowering times (House 1997) if resources are not 
predictable.  The most labile flowering times were displayed by E. macrorhyncha, 
which flowered in summer in all years but also in autumn through to winter in 1998. 
This species may be advantaged by having more labile flowering times if regularity 
in flowering time is selectively disadvantageous. A disadvantage for this species in 
displaying regularity in flowering times is the unpredictability of resource 
availability. E. macrorhyncha  generally occurs on dry, rocky hilltops then it may be 
more advantageous to flower when resources are available rather than be restricted to 
flowering at times when there may not be enough resources to sustain flowers.  
Similarly, E. tricarpa differed between years in flowering times by up to 81 days, 
and as this species occcurs on dry slopes, then it too may be advantaged in having 
relatively labile flowering times.  
 
In the dry Box-Ironbark forests, there are likely to be several, both proximate and 
ultimate, selective forces acting upon the timing of flowering. Proximate causes may 
include genetics and photoperiod.  Ultimate causes may include the timing of 
flowering acting as an isolating mechanism (Levin 1978) and reducing interspecific 
competition for limited pollinators (Poole and Rathcke 1978).  However, it appears 
that the interractions between tree-specific factors, site attributes, environmental 
conditions and temporal weather patterns combine and interract to affect the 
flowering times displayed by trees, stands of trees and species’ populations.  
Mean yearday of flowering  
When the mean yearday of the commencement, peak and cessation of flowering was 
calculated for each species’ population, the variation between years in the timing of 
flowering was less than the number of days between sample dates for most species, 
in at least two of the three years.  E. microcarpa displayed the most consistent 
flowering times (Table 3.4).  
 
Similarity in flowering times among the majority of individual trees (Table 3.5) 
suggests that statements about the ‘renowned unpredictability’ of Eucalyptus spp. in 
flowering times (Jacobs 1955; Ashton 1975a; Griffin 1980; Brooker and Kleinig 
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1990; Beardsell et al. 1993; Yates et al. 1994; Pook et al. 1997; Law et al. 2000) 
may not be appropriate for all species.  These studies based their interpretation of 
flowering times on calendar dates of flowering and therefore one, or a few, early and 
late flowering individuals may have had a relatively great influence on the perception 
of variation between years in flowering times.  
The timing of peak flowering 
The timing of peak flowering was similar each year, as shown by both the mean 
yearday of the timing of peak flowering intensity and the sample date for the greatest 
percentage of trees flowering.  The similarity between years in the timing of peak 
flowering suggests that there is a genetic control to this aspect of flowering, and that 
selection has favoured populations that display similar times of peak flowering.   
 
The sample date of peak flowering intensity and the greatest percentage of trees 
flowering was the same for all species each year except E. macrorhyncha in 1998 
and 1999 and E. melliodora in 1997 (see Table 3.4 and Figs 3.4 & 3.5).  Having the 
greatest percentage of trees flowering, and the greatest intensity of flowering for the 
population at similar times may ensure that there is a large floral display.  The 
coincidence of peak flowering intensity and the greatest numbers of individual trees 
flowering may be better able to attract pollinators than a population that has a large 
number of trees flowering but few flowers within the population or that has few trees 
flowering.  
 
Similarity in the timing of peak flowering intensity may have been selected for as 
this ensures that the greatest number of flowers is potentially contributing to the 
genetic population.  Similarly, similarity in the timing of the greatest percentage of 
trees flowering each year ensures that the greatest number of individuals is 
potentially contributing to the genetic population.    
 
There was more variation in the timing of peak flowering when sub-populations 
(stands) and individual trees were investigated. There was a significant site effect for 
mean yearday of peak flowering for E. polyanthemos (Table 3.7).   There is generally 
greater synchrony in the timing of flowering within than between stands, and this is 
probably due to genetic similarity (this study; Florence 1964; Griffin 1980).   An 
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advantage of having greater synchrony of flowering within stands may be that 
pollinators that are dispersal limited can be maintained within a relatively small area.   
 
At the level of individual trees, around half of all trees that flowered reached peak 
flowering intensity on the same sample date (Table 3.11).  At this level, there may be 
benefits to some degree of asynchronous flowering.  If pollinators are limiting, an 
increase in the temporal distribution of intensely flowering trees may maintain 
pollinators for a greater time (Bawa 1983).  Plant fitness may also be increased with 
trees displaying different intensities at any one time.  
 
A stand of trees with a variety of intensities is likely to be advantaged as this may be 
an effective mechanism for increasing outcrossing events.  Initially, the presence of a 
few intensely flowering trees may attract pollinators to the stand.  Large floral 
displays are more likely to attract pollinators than sparsely distributed resources 
(Paton 1982).  Once attracted, the low - intensity flowering trees may attract 
pollinators that they otherwise may not have, as pollinators move within the stand.  
Additionally, if resources are limited within each tree, then pollinators may have to 
make more movements between trees than if all trees were flowering intensely.  
There may also be more movements between trees of various intensities within 
stands because of differences in territoriality and aggression of pollinators.  For 
example, less aggressive birds move from high intensity trees to relatively low 
intensity trees due to intraspecific aggression (Ford and Paton 1986). Therefore, for 
most species, it appears that there is advantages in species’ populations flowering at 
regular times each year, but that within these regular times, it is advantageous for 
individual trees to show some asynchrony of peak flowering times.  
 
The timing of peak flowering intensity varied among conspecifics and between years 
for the same individuals.  Some trees reached peak intensity relatively early in a 
flowering episode while others peaked relatively late.  A particular tree could flower 
relatively early in the season one year, and relatively late the following year.  This 
suggests that at this level, random factors are influencing the timing of peak 
flowering intensity.  This may include the interaction between tree-specific factors 
and environmental conditions (Chapter 6).  
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Individual trees varied in the percentage time taken to peak intensity from 9 - 96% of 
a flowering episode.  In contrast to this apparently random timing of peak intensity, 
Keatley (1999) found that the majority of flowers are produced during the middle 
40% of the flowering episode of each tree and at other times flowers are sparsely 
distributed (results for E. leucoxylon, E. polyanthemos and E. tricarpa).  The 
differences in her results and these may be due to the small sample sizes in Keatley’s 
study, which may not have accounted for variation between individuals. 
Additionally, samples were taken over just one season.  Alternatively, differences 
may be due to the relatively large numbers of days between samples for this study 
compared to Keatley’s daily observations.   
Flowering curves  
The relative timing of peak intensity of flowering was examined using flowering 
curves. While there was a general trend for species to display a separation of 
flowering peaks, and positively skewed flowering curves, there was no real evidence 
that competition for limited pollinators (or any other selective force) is imposing 
directional selection on peak flowering times (c.f. Thomson 1980).  Species were not 
consistent between years in skewness or kurtosis values, which could be high in one 
year and low in the following year (Table 3.8).   
 
Few species displayed high values for either skewness or kurtosis in any year but 
1997 was the only year when high values were recorded (Table 3.8; Fig. 3.4).  This 
yearly variation suggests that variations in environmental forces are more likely to 
shape flowering curves and that it is a plastic trait. The generally platykurtic, non-
skewed flowering curves which were displayed most often, may reflect the breeding 
strategy displayed by most species of eucalypts which is the production of relatively 
few flowers over a long period of time (Pryor 1976).  This breeding strategy confers 
the advantage of allowing better control of the relative investment in flowers, so that 
the rate of anthesis, or bud and flower abscission, can match resource availability 
(Bawa 1983).  Control of resource output to various plant functions would be 
important in the relatively unpredictable and dry environment of Box-Ironbark 
forests.  
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A limitation to this part of the study was that there were insufficient data points to 
statistically analyse skewness and kurtosis values.  However, Keatley (1999) who did 
statistically analyse skewness values also found that results were inconclusive in that 
there was no consistency among species in skewness values.   
Conclusions  
Results from this study are compatible with both the theory that flowering time acts 
an isolating mechanism (Levin 1978), and that competition for limited pollinators 
results in a separation of flowering times (Feinsinger 1983).  Flowering times were 
regular, there was little overlap between species and there was a separation of 
flowering peaks (although this may or may not be different to random).  The 
flowering times of individual trees appear to be restricted to a general flowering 
season for each particular species.  However, within that season a range of tree-
specific features and environmental factors are likely to result in a diversity of 
flowering times for each individual tree.   There was no evidence that competition for 
limited pollinators influences the shape of flowering curves.  
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Chapter 4 
Flowering phenology of a eucalypt 
community in a Box-Ironbark forest, 
central Victoria, Australia. 
II. Frequency, percentage of trees flowering, duration 
and intensity of flowering. 
 
Introduction 
 
In the previous Chapter, I described the timing of flowering in a eucalypt 
community.  In this Chapter, attention is given to other aspects of flowering 
phenology; the frequency, duration, intensity, and percentage of trees flowering for 
each species, with an emphasis on flowering patterns of individual trees. A 
discussion of these aspects of flowering phenology is given in Chapter 1.  If there is 
variation in the flowering patterns at each level; species, species’ populations, forest 
stands and individual trees, then this has implications for understanding the processes 
that result in flowering patterns, the spatial distribution of flowers in Box-Ironbark 
forests, and gene-flow among conspecifics.  
 
The aim of this chapter is to document the frequency, duration, intensity and 
percentage of trees flowering for individual trees of seven species of Eucalyptus.  
The specific questions to be addressed in this chapter include: 
1.  What is the duration of flowering for each species each year? 
2.  Do individual trees vary between years in the duration of flowering? 
3.  What is the mean intensity of flowering for each species each year? 
4.  Is there variation among individual trees in the intensity of flowering? 
5.  What percentages of trees flower each year for each species? 
6.  Is there variation between years in the duration, intensity and percentage of trees 
flowering? 
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7.  Does site affect the duration, intensity and percentage of trees flowering? 
8.  How frequently do individual trees flower? 
Methods 
Study Area 
A comprehensive account of the Box-Ironbark region and study area, Rushworth 
Forest, is given in Chapter 2.  
Selection of individual trees 
An outline of the methods used to select individual trees for each of the seven species 
is presented in Chapter 3.   
Assessment of flowering patterns  
Frequency of flowering 
To examine the frequency of flowering of individual trees, the percentage of trees 
that flowered for zero, one, two or three years was calculated for each species.   
Duration of flowering  
The duration of flowering was calculated for each species’ population and for 
individual trees, each flowering season.  The duration of flowering was calculated as 
an adjusted value (as for commencement and cessation of flowering, Chapter 3), such 
that duration (Dadj) was calculated as the number of days from the first record of 
flowering, plus half the number of days to the previous sample date, to the final 
record of fresh flowers on any tree(s) plus half the number of days to the subsequent 
sample date.  For example, if fresh flowers were recorded on the consecutive sample 
dates of June 1 and June 30, and there were 24 days to the previous, and 30 days to 
the subsequent sample dates, the total duration of flowering would be calculated as 12 
+ 30 + 15 days, reported as 57 days (Dadj).   
Individual trees: variation between years in flowering duration.  
For each individual tree, the number of sample dates over which it flowered was 
calculated for each year. In this way, variation between years in flowering duration 
of each tree could be assessed.  The percentage of trees that flowered for the same 
number of sample dates each year was calculated.   
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For the trees that displayed differences between years in the number of sample dates 
of flowering, I examined whether trees flowered for the greatest duration in 1997, 
1998 or 1999.  This was to investigate whether trees varied between years in the 
same way (e.g. if all trees flowered for the greatest duration in 1998).  Trees 
examined were those that flowered in each of two or three years.   
Intensity of flowering 
The method used to assess the intensity of flowering is presented in Chapter 3.  
Intensity is a measure of projective foliage cover covered in fresh flowers and is 
therefore a measure of flowers per unit area.  
Percentage of trees flowering 
Percentage of trees flowering in a population was recorded for each species as 
the total percentage of trees that flowered each season. 
Statistical analysis 
Duration and intensity of flowering of individual trees 
Two-way ANOVA was used to address the following questions for each species: 
1.  Is there a significant difference between years in the mean duration of flowering 
and intensity of flowering? 
2.  Does site influence the mean duration and mean intensity of flowering?  
 
Where significant effects were found, Tukey’s test was used as a post-hoc test 
(Underwood 1997).  Data were log10 or square root transformed, where appropriate, 
to meet assumptions of normality and homogeneity of variance (Underwood 1997).  
 
For each species in each year, Pearson correlation was used to test for a correlation 
between the duration and intensity of flowering for individual trees.   
 
In 1997, no marked trees of E. camaldulensis flowered, only three marked E. 
tricarpa trees flowered, and for E. leucoxylon there was an incomplete data set (see 
Chapter 2). Therefore analyses for these species were undertaken only for the 1998 
and 1999 flowering seasons.  
Percentage of trees flowering  
For each species, χ2 goodness of fit tests were used to compare the percentage of  
trees that flowered between years and between sites each year.    
 
Results 
Frequency of flowering  
Each species displayed annual flowering (except E. camaldulensis) but for each 
species there were trees that failed to flower in each year. Some trees failed to flower 
in all three years for each species (Fig. 4.1).  A minority of trees flowered for three 
years.   For all species, the greatest percentage of trees flowered in either one or two 
years. The greatest percentage of trees flowered in only one year for E. 
camaldulensis (41.5%), E. melliodora (55.8%), E. microcarpa (47.5%) and E. 
tricarpa (73.5%), and for two years for E. leucoxylon (84.4%), E. macrorhyncha 
(37.4%) and E. polyanthemos (43.8%). (Note that only two years data are available 
for E. leucoxylon). 
 
Most individual trees that flowered for two years only, flowered in consecutive rather 
than alternate years, and flowered in 1998 and 1999.  Few trees flowered in 1997 and 
1999 only (i.e. alternate-year flowering), except for 21 E. macrorhyncha trees, one E. 
melliodora tree and two E. polyanthemos trees. 
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Figure 4.1: The percentage of trees that flowered for zero, one, two or three years, for 
seven Eucalyptus species in a Box-Ironbark forest, Victoria. Note that only two years data 
are available for E. camaldulensis and E. leucoxylon.  
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The duration of flowering 
There was a significant effect of year on mean flowering duration (Dadj) for trees of 
three species; E. melliodora, E. microcarpa and E. tricarpa (Table 4.1).  For each of 
these species, mean duration of flowering was significantly greater in 1998 than in 
other years (Tukeys Post hoc test).  There was a significant interaction effect of year 
and site on mean flowering duration for four species; E. camaldulensis, E. 
macrorhyncha, E. polyanthemos and E. tricarpa, but site alone did not have a 
significant effect for any species (Table 4.1).  
 
 
 
 
 
Table 4.1: Results from a two-way analysis of variance of the effects of year and site on mean duration of flowering, for trees of 
seven Eucalyptus species.   (Data were log10 transformed). Significant values (p < 0.05) are shown in bold.  * Comparisons between two 
years; 1998 and 1999, only.  For other species, three years; 1997, 1998 and 1999 are compared.  
 
Species 
 
*E. camaldulensis *E. leucoxylon E. macrorhyncha E. melliodora E. microcarpa E. polyanthemos *E. tricarpa 
Factor  F p F p F p F p F p F p F p 
Year           
               
          
0.08 0.81 4.96 0.27 1.26 0.38 54.4 0.00 8.71 0.05 5.24 0.08 59.2 0.02 
Site 0.55 0.50 0.03 0.89 0.83 0.50 1.32 0.34 0.07 0.93 0.86 0.51 0.83 0.55
Year*Site 6.68 0.00 0.21 0.65 5.70 0.00 1.58 0.19 2.60 0.06 7.10 0.00 5.57 0.01 
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There was substantial variation between years in the duration of the flowering season 
(Dadj) for the overall population of each of the seven species (Table 4.2).  All species, 
except E. macrorhyncha, had the greatest flowering duration in 1998 and the least in 
1997 (Table 4.2).  For example, E. melliodora flowered for almost twice as many 
days in 1998 (127 days Dadj) as in 1997 (59 days Dadj) and for E. microcarpa there 
was a difference of 51 days between the two years (Table 4.2).  
 
The duration of flowering seasons (Dadj) varied between species (Table 4.2). 
Generally, E. leucoxylon and E. tricarpa species’ populations flowered for the 
greatest duration (Table 4.2).  E. macrorhyncha consistently displayed a relatively 
brief duration of flowering (Table 4.2).  All species except E. macrorhyncha had at 
least one year where flowering duration was greater than 100 days (Table 4.2).   
 
 
Table 4.2: The duration of flowering (Dadj) in each of three years for populations 
of seven Eucalyptus species. An adjusted measure of duration (Dadj) was used to 
account for variation in the number of days between sample dates (see Methods).  E. 
cam = E. camaldulensis; E.leuc. = E. leucoxylon; E. mac. = E. macrorhyncha, E. 
mell. = E. melliodora; E. mic. = E. microcarpa; E. poly. = E. polyanthemos; E. tri. = 
E. tricarpa.   
 
Species
Year 
E. cam E. leuc E. mac E. mell E. mic E. poly E. tri 
1997   64 59 83 78 42 
1998 101 268 49 127 134 104 279 
1999 66 232 65 112 92 96 114 
 
 
 
The duration of flowering of individual trees 
Mean flowering duration of individual trees showed similar trends to those for each 
species (Dadj), with mean flowering duration greatest in 1998 than in other year(s) 
(except E. camaldulensis) (Table 4.3).  In each year, only a few individual trees of E. 
polyanthemos (1998 and 1999) and E. tricarpa (1999) flowered for the entire 
flowering duration of that  species (range values Table 4.3 & Table 4.2).  Hence, 
mean flowering duration of trees was lower in each year than the total duration of 
flowering for each species (Tables 4.2 & 4.3). .   
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There was variation between species in mean flowering duration of trees, but the 
differences were not consistent between years.  There was little difference between 
species in mean flowering duration in 1997, which was between 21 and 29 days for 
the five species for which data are available (Table 4.3).  In 1998, there was more 
variation between species, with E. tricarpa and E. leucoxylon having the greatest 
mean duration of flowering, and E. macrorhyncha the least (Table 4.3).  In 1999, 
trees from five species; E. camaldulensis, E. macrorhyncha, E. melliodora, E. 
microcarpa and E. polyanthemos, had a relatively brief mean flowering duration, 
with a greater mean flowering duration for trees of E. tricarpa, and this was greatest 
for trees of E. leucoxylon (Table 4.3).  
 
Variation within years among conspecifics in flowering duration 
Individual trees varied in duration (Dadj) of flowering within each year (range values, 
Table 4.3). Each year, the minimum number of days for which a tree flowered was 
around 22 days (equivalent to flowering for one sample date), (except for E. tricarpa 
in 1998) (Table 4.3).   The maximum duration of flowering of individual trees varied 
between years for each species (except for E. camaldulensis) (Table 4.3).  For 
example, the maximum values for a tree of E. tricarpa was 31 days in 1997, 237 
days in 1998 and 114 days in 1999 (Table 4.3).   
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Table 4.3: Mean flowering duration (Dadj) of individual trees in each of three 
years, for seven Eucalyptus species.  Only trees that flowered are included in 
analyses. An adjusted measure of duration (Dadj) was used to account for variation in 
the number of days between sample dates (see Methods). Values are means with 
standard errors in parentheses and range values below.  E. cam = E. camaldulensis; 
E.leuc. = E. leucoxylon; E. mac. = E. macrorhyncha, E. mell. = E. melliodora; E. mic. 
= E. microcarpa; E. poly. = E. polyanthemos; E. tri. = E. tricarpa.   
 
 Species 
Year 
E. cam E. leuc E. mac E. mell. E. mic E. poly. E. tri 
 
1997 
 
0 
  
29.2 (1.5)  
21-65 
 
28.9 (3.0) 
21-64 
 
20.8 (1.6)   
18-39 
 
25.9 (1.9) 
17- 60 
 
24.6 (3.2)  
21-31 
1998 29.0 (1.2)  
24-77 
137 (8.7) 
25-223 
34.1 (5.4) 
22-45 
46.8 (1.9)  
.18-109 
61.2 (1.9)  
25-113 
49.3 (2.0)  
25 - 104 
130.4 (2.9)  
 42-239 
1999 32.1 (1.7) 
21-66 
118 (6.8) 
21-188 
26.5 (1.2) 
22-44 
31.7 (2.0) 
22-77 
33.0 (2.2) 
21-89 
35.8 (2.3) 
21-96 
43.2 (5.1) 
25-114 
 
 
 
 
Variation between years in the number of sample dates for which 
individual trees  flowered.  
More than half of the individual trees that flowered for two or more years varied 
between years in the number of sample dates on which flowering occurred (except E. 
macrorhyncha) (Table 4.4).  For example, only 10.7% of E. tricarpa trees flowered 
for the same number of sample dates each year (Table 4.4).    
 
For the trees that differed between years in the number of sample dates for which 
flowering occurred, all species had some trees that flowered for the greatest duration 
in each of the three years (except for 1997 for E. tricarpa) (Table 4.4).  For most 
species, 1998 was the year in which the largest percentage of trees flowered for the 
greatest duration. The exceptions were E. camaldulensis and E. macrorhyncha for 
which the majority of trees flowered for the greatest duration in 1999 (Table 4.4).   
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Table 4.4: The percentage of trees that flowered for the same, or 
different, duration each year for seven Eucalyptus species.  For 
those trees that flowered for a different duration, the percentage 
of trees that flowered for the greatest duration in 1997 (>97) or 
1998 (>98) or 1999 (>99) are shown.  Note that for some species the 
total percentage for trees that differed between years does not add to 
100% (see Methods).  
 
 % of trees  
Species Same Different >97 >98 >99 
E. camaldulensis 48.8 51.2 - 42.3 57.7 
E. leucoxylon 42.1 57.9 - 54.5 45.5 
E. macrorhyncha 69.4 30.6 35.2 23.5 35.2 
E. melliodora 31.6 68.4 4.9 85.4 7.3 
E. microcarpa 26.9 73.1 5.0 75.0 15.0 
E. polyanthemos 22.9 77.1 1.9 71.2 26.9 
E. tricarpa 10.7 89.3 0 78.6 11.4 
 
 
Intensity of flowering 
Flowering intensity (I) is an index that was calculated for each tree as the maximum 
flower cover multiplied by projective foliage cover (Chapter 3). There was a 
significant effect of year on mean flowering intensity of trees for four species; E. 
leucoxylon, E. melliodora, E. polyanthemos and E. tricarpa (Table 4.5).  Mean 
intensity was significantly greater in 1999 for E. leucoxylon, and in 1998 for E. 
melliodora, E. polyanthemos and E. tricarpa. (Tukeys post hoc test).  There was a 
significant interaction effect of year and site on mean flowering intensity for E. 
macrorhyncha and E. microcarpa, but site alone did not have a significant effect on 
mean flowering intensity for any species (Table 4.5).   
 
 
 
 
 
 
 
 
 
Table 4.5: Results from a two-way analysis of variance of the effects of year and site on mean intensity of flowering (I) for seven Eucalyptus species. (data 
were √ transformed). Significant values (p < 0.05) are shown in bold.  
 
Species 
 
E. camaldulensis E. leucoxylon E. macrorhyncha E. melliodora E. microcarpa E. polyanthemos E. tricarpa 
Factor  F p F p F p F p F p F p F p 
Year          
               
             
0.56 0.53 43.1 0.00 2.50 0.20 9.90 0.03 0.98 0.45 22.0 0.00 26.7 0.01 
Site 1.24 0.45 9.99 0.20 0.64 0.57 0.22 0.81 1.24 0.39 0.66 0.55 0.18 0.84
Year*Site 2.70 0.07 0.68 0.41 2.64 0.04 2.41 0.052 2.76 0.04 1.08 0.37 2.30 0.08
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Mean flowering intensity varied between species. Generally, E. leucoxylon had 
relatively  high intensity scores and E. macrorhyncha had low scores (Table 4.6).  
The greatest mean intensity score was for E. melliodora in 1998 (Table 4.6).  Each 
species generally displayed the same trend each year; low values in 1997, high 
values in 1998 and moderate values in 1999.  
 
 
Table 4.6:  Mean index of flowering intensity (I) in each of three 
years for individual trees from seven Eucalyptus species. Only 
trees that flowered in a given year are included in analysis for that 
year.  Values are means with standard errors in parenthesis. 
 
 Mean flowering intensity  
Species 1997 1998 1999 
E. camaldulensis  3.2 (0.4) 3.8 (0.2) 
E. leucoxylon _ 5.1 (0.6) 9.8 (0.7) 
E. macrorhyncha    2.1(0.3) 2.8 (0.5) 3.7 (0.5) 
E. melliodora 3.4 (0.8)  11.0 (0.6) 6.5 (0.7) 
E. microcarpa 4.3 (0.4) 6.0 (0.4) 5.8 (0.5) 
E. polyanthemos 1.7 (0.3) 6.8 (0.4) 5.5 (0.4) 
E. tricarpa 1.3 (0.3) 7.2 (0.3) 2.2 (0.3) 
 
 
Correlation between intensity and duration of flowering 
There were highly significant positive correlations between the mean duration and 
the mean intensity of flowering of trees for most species in most years (Table 4.7).  
All species showed a significant positive correlation in at least one year of the study 
(Table 4.7).   
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Table 4.7: Correlation coefficients for the 
relationship between duration and intensity of 
flowering of individual trees for each of seven 
Eucalyptus species in each of three years.  (Pearson 
Correlation, 2 - tailed,. ** significant at α = 0.01 level, 
* significant at α = 0.05).   
 
Species Year 
 1997   1998 1999 
E. camaldulensis _   n.s.      0.36*    
E. leucoxylon _ 0.62**     0.45**   
E. macrorhyncha 0.40  *   0.49**       n.s.     
E. melliodora  n.s.     0.54**     0.50**   
E. microcarpa   n.s.    0.52**       n.s.     
E. polyanthemos 0.79**   0.45**     0.34*    
E. tricarpa _ 0.55**     0.52**   
 
 
 
 
Percentage of trees flowering  
 
Percentage of trees flowering in each flowering season 
There were highly significant differences between years in the percentage of marked 
trees that flowered for all species, except E. leucoxylon (Table 4.8).  For the six 
species, significantly fewer trees flowered in the 1997 season, and more trees 
flowered in the 1998 season, than could be expected if the percentage of trees 
flowering was evenly distributed between years.  In the 1999 season, for all species 
except E. leucoxylon, the percentage of trees flowering was between the relatively 
low percentages of 1997 and relatively high percentages of 1998 (Table 4.8).  
 
The percentage of trees that flowered varied between species (Table 4.8). The 
greatest percentage of trees flowering for a population was 96.6% for E. tricarpa in 
1998, and the least was also for E. tricarpa in 1997 (1.9%) (Table 4.8).  In 1997, E. 
macrorhyncha was the only species to have greater than 50% of trees flowering 
whereas in 1998 this was the only species not to have less than 50% of trees 
flowering (Table 4.8).  In 1999, the greatest percentage of trees flowering was for E. 
leucoxylon (93.3%) and the least for E. tricarpa (22.5%). In that year, only E. 
leucoxylon and E. polyanthemos had greater than 50% of trees flowering (Table 4.8).   
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Table 4.8:  The percentage of trees that flowered in each of three years 
for seven Eucalyptus species.  Results from chi-square tests (χ2) for the 
difference between years in the percentage of trees flowering for each 
species;  * = significant at <0.05; *** significant at <0.001.  
 
Species N % of trees flowering 
  1997 1998 1999 χ2 
E. camaldulensis 142  57.8 43.0 5.6* 
E.  leucoxylon 45  86.7 93.3 1.1 
E. macrorhyncha 99 58.6 30.3 49.5 16.6*** 
E. melliodora 129 14.0 94.6 35.7 276*** 
E. microcarpa 121 18.9 86.1 37.7 117*** 
E. polyanthemos 105 36.2 81.9 62.8 46.0*** 
E. tricarpa 152  2.0 96.6 22.5 122*** 
 
 
Variation between sites in percentage of trees flowering  
 
For all species, except E. leucoxylon, there was at least one year when there were 
significant differences (p<0.05) between sites in the percentage of trees that 
flowered. Significant differences between sites were for: E. camaldulensis in 1998 
(χ2 = 11.8), E. macrorhyncha in 1999 (χ2 = 12.2), E. melliodora in 1999 (χ2 = 32.5), 
E. microcarpa in 1997 (χ2 = 19.6) and 1999 (χ2 = 33.0), E. polyanthemos in 1997 (χ2 
= 19.6) and 1999 (χ2 = 8.9), and E. tricarpa in 1999 (χ2 = 24.9).  The sites with the 
greatest and least percentage of trees flowering were not consistent between years. 
 
Discussion 
Variation between years in flowering patterns 
 
This study has revealed marked variation between years in the duration of flowering 
trees, intensity of flowering and percentage of trees flowering for each species. There 
was a general trend among most of the seven species for 1997 to be a ‘poor’ 
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flowering year (i.e. low duration and intensity of flowering and few trees flowered), 
1998 to be ‘good’ flowering year (a majority of trees flowered and flowered 
intensely), and 1999 to be moderate between these two years. Similar annual trends 
in flowering phenology by co-occurring species (i.e. all species having ‘good’ and 
‘bad’ years) has also been reported for E. miniata and E. tetrodonta in northern 
Australia (Setterfield and Williams 1996) and for four Banksia species in New South 
Wales (Copland and Whelan 1989).    
 
The consistency in flowering patterns between years among species suggests that 
annual variations in climate may act upon each species in a similar way.  At any time 
of the year, each species can be at various stages of flowering, from bud initiation to 
anthesis.  For example, in February all species have developing buds, and E. 
microcarpa trees may be beginning to flower (Davis 1968; Porter 1978; Moncur 
1992; Keatley 1999; Chapter 3).  At this time, if there is an extended period of stress 
(e.g. soil moisture stress) then this may result in all species concurrently abscising 
large numbers of buds and flowers resulting in all species displaying a ‘poor’ 
flowering season.  
 
The most important factor that can affect the growth of plants is soil moisture 
deficits, resulting in water stress (Kozlowski 1982).  Water stress in particular can 
affect the number of buds abscised (Florence 1964; Ashton 1975a).   But what are 
the thresholds of water stress and is it different for each species, forest stand and 
individual tree? What is the temporal scale at which periods of time without rainfall 
results in a ‘poor’ flowering year?  
 
At the level of species, one long-term study, over decades, has resulted in an ability 
to generally determine ‘good’ and ‘bad’ years by correlations between the timing and 
extent of rainfall and likely flowering patterns of E. regnans (Ashton 1975b).   Porter 
(1978) found that rainfall two to five months prior to E. tricarpa flowering affected 
nectar crops. Other studies that have aimed to relate annual rainfall to flowering 
phenology have not found consistent patterns (Porter 1978; Loneragan 1979; Keatley 
1999; Law et al. 2000).  A long-term study of flowering patterns and monthly or 
weekly rainfall and temperatures may elucidate correlations between patterns of 
flowering of Box-Ironbark eucalypts and climatic conditions.  The appropriate length 
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of a study is difficult to determine because it would depend on the variability in 
rainfall patterns and in flowering patterns.  However, as weather cycles and periods 
of below and above average rainfall occur over decades, then a comprehensive study 
that may elucidate correlations would need to be at least 20 years in duration. 
 
At the level of forest stands, processes other than climate must also be affecting 
flowering phenology.  There was variation between stands of conspecifics within 
years in the duration, intensity and percentage of trees flowering.  This suggests that 
the effect of climate on flowering is tempered by other environmental factors 
relevant at the level of forest stands.  Differences between sites in the percentage of 
trees flowering has been attributed to the degree of dieback, with healthy sites having 
fewer flowering E. marginata trees (Davison and Tay 1989).  Dieback is unlikely to 
be a prominent factor in Box-Ironbark forests.  Management history of sites, such as 
fire and disturbance do not appear to influence flowering patterns of eucalypts (Law 
et al. 2000).  
 
Differences between sites were not consistent between years, and for several species 
there were significant interaction terms of year and site for the duration and intensity 
of flowering. There was also no consistency between sites in that one site displayed 
the greatest percentage of trees that flowered each year.   This suggests that trees at 
different sites do not flower in a consistent way, relative to each other, each year. 
Factors that influence flowering at the site level are likely to be complex and further 
study is required to identify major influences of site-based factors on flowering 
phenology. Variation in site attributes, such as soil type, aspect and tree density can 
affect soil moisture retention and therefore levels of water stress (Kozlowski 1982).  
These factors are likely to vary between sites but genetic variation may also play a 
part. There is a need to further elucidate stand-scale factors that affect flowering 
phenology.  
 
Individual trees of each species were not consistent in flowering phenology each 
year.  A single tree could flower for a relatively extended duration in one year, and 
display a relatively brief season the following year.  This is also consistent with the 
contention that environmental factors affect flowering patterns at the level of 
individual trees. However, each tree was affected differently each year.  For 
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example, some trees flowered for the greatest duration in 1997 and for others this 
occurred in 1998 or 1999. This suggests that while the environment is likely to have 
an important influence on the flowering patterns of individual trees, tree-specific 
factors also affect flowering patterns.  Tree-specific factors that influence flowering 
include tree health, tree size and spacing of neighbouring trees (see Chapter 7).  
 
The results from this study suggest that factors that influence flowering at coarser 
scales interact in complex ways with factors that influence flowering at finer scales.  
For example, for species, ‘good’, ‘bad’ or ‘average’ years are likely to be correlated 
with climate and weather patterns.  Climate and site-based factors affect the 
flowering patterns of forest stands, but the effect of climate may vary depending 
upon site-based factors.  For individual trees, interactions between weather 
conditions, site-based processes and tree-specific factors are likely to affect 
flowering patterns.  
 
The complexity of factors affecting flowering phenology at each level; species, forest 
stands and individual trees, results in a spatially and temporally patchy distribution of 
flowering trees.  This patchy distribution of flowers has implications for the number 
of trees that are contributing to the genetic population and the spatial distribution and 
abundance of blossom-feeding fauna (see Chapter 8).   
 
The majority of individual trees flowered for one or two years, although some trees 
of each species (except E. camaldulensis) flowered in all three years (Fig. 4.1).  This 
suggests that all mature trees have the potential to flower each year.   Presumably, 
genetics underlie the frequency at which a tree of a particular species can flower (e.g. 
annual versus supra-annual flowering).  In perennial species, the presence or absence 
of flowering each year is controlled by plant-specific factors, such as the store of 
nutrients and photosynthates available to initiate, and continue the growth of buds 
(Raven et al. 1986).   
 
Many trees failed to flower in at least one year.  Other studies have also shown that 
for species that bloom several times over a lifetime (polycarpic species), individuals 
will skip reproduction in some years (for eucalypts see Ashton 1975a; Griffin 1980; 
Law et al. 2000; and for tropical plants see Bullock and Bawa 1981).  This suggests 
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that failing to flower in some years may not place individual trees at a reproductive 
disadvantage (Ollerton and Lack 1992).  For example, in at least a few large-
flowered Banksia species that occur on nutrient deficient soils, individual plants do 
not flower every year and this may be due to the amount of resources required to 
produce flowers (Copland and Whelan 1989).  Similarly, missing reproduction in 
some years in the often dry and nutrient deficient soils of Box-Ironbark forests may 
be an effective survival strategy for the associated Eucalyptus species.  Failing to 
flower in some years would allow more resources to be used for plant functions other 
than reproduction, such as disease control and vegetative growth.   
 
For the trees that flowered for two years, the majority flowered in 1998 and 1999.  
This suggests that in the Box-Ironbark forests, individual trees do not flower in 
alternate years, as has been suggested for other eucalypts (Abbott and Loneragon 
1986).    
 
There was a strong positive association between the duration and intensity of 
flowering. Eucalypts display a breeding strategy of staggered anthesis across a tree 
(Pryor 1976). This confers the advantage of control over resources given to 
reproduction (Bawa 1983).  The relatively long-life of each flower (up to three 
weeks, Keatley (1997)) together with staggered anthesis results in a positive 
correlation between the number of flowers produced and the duration of flowering.   
However, this correlation did not always occur, and this may be due to premature 
abortion of many or all flowers if trees are under environmental stress.  This 
premature abscission could result in a tree intitially displaying a high intensity but 
flowers can be lost in a relatively brief period of time. This would result in a tree that 
was recorded having a high intensity but a brief flowering duration.  
 
The duration of the flowering seasons varied between species (Table 4.3).  The 
winter-flowering species; E. leucoxylon and E. tricarpa, typically displayed 
flowering seasons of greater duration than those species that flowered during summer 
months. Variation between species in flowering seasons may be due to the 
predictability of resource availability for plants at the time of flowering (Bawa 1983).  
Relatively low availability of resources, especially water, in dry, summer months 
may influence the brief flowering seasons of E. camaldulensis, E. macrorhyncha and 
E. melliodora (Table 4.2).  There is likely to be greater, more predictable resource 
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availability during the winter months and therefore generally E. leucoxylon and E. 
tricarpa flower for a relatively greater duration.   
 
The relatively extended flowering seasons of E. leucoxylon and E. tricarpa may 
alternatively be explained by pollinators acting as a selective force.  Even if there are 
more resources available during winter for flower production compared to summer, 
why use those resources on extended blooming seasons unless there was some 
benefit?  Pollination syndromes suggest that plants that are pollinated by high-energy 
demanding pollinators flower for a greater duration than those that attract small 
insects, as large vertebrates require a relatively extended period of resource 
availability to be attracted to an area (Faegri and van der Pijl 1979).  The differences 
between the winter-flowering and summer-flowering species in the duration of 
flowering are consistent with the bird and insect pollination syndromes suggested for 
these species in Chapter 2. 
 
The duration of flowering varied between individual trees, with some trees flowering 
on just one sample date and other trees flowering over several sample dates (Table 
4.3). This suggests that there are tree-specific factors that result in differences 
between individual trees in the duration of flowering each year.   Some trees may 
have more resources available for reproduction each year because they have access 
to more resources because of their size, or because of the degree of competition from 
neighbouring trees (Chapter 7).  Individual trees vary between years in rates of bud 
production and/or abscission, probably due to environmental conditions, as well as 
tree-specific factors such as health (Landsberg 1988).  
 
Individual trees were not consistent in the year at which the greatest intensity of 
flowering was recorded (i.e. not all trees displayed the greatest intensity of flowering 
in 1998).  This adds to the contention that complex, interrelated factors affect the 
flowering intensity of individual trees.  For example, if climate or local weather 
conditions were the only forces influencing flower development then it could be 
expected that all trees would behave in similar ways each year, but this was not the 
case.   
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There were significant differences between years in the percentage of trees flowering 
for all species except E. leucoxylon (Table 4.8). Marked variation between years in 
the percentage of eucalypt trees flowering has been found in other studies (Ashton 
1975a; Porter 1978; Pook et al. 1997; Yates et al. 1994).  Again, as for other results, 
this suggests that climate generally affects the flowering patterns of species’ 
populations but that a range of tree-specific factors also affects the flowering status 
of individual trees.  
 
There appear to be few data as to the extent and causation of the variation in the 
annual flowering status of individual eucalypt trees (but see Ashton 1975a; Pryor 
1976; Griffin 1980; House 1997).  Indeed, there appear to be few data in general 
quantifying the proportion of flowering individuals for any perennial species (Bawa 
1983; Borchert 1983; Ollerton and Lack 1992).  
Conclusions 
Climate, particularly rainfall and solar radiation, is likely to be the major influence 
on the annual cycles of flowering of eucalypt species.  Site-based variables also 
influence flowering patterns but further study is required to determine significant 
factors.  Variation in flowering phenology also occurs at the level of individual trees 
and these in turn are likely to be influenced by tree-specific factors, which interact in 
complex ways.  The scale of any study of flowering patterns and the processes that 
result in the patterns needs to be relevant to scale at which questions are to be 
answered.  For example, a forester interested in seed crops may only want to know if 
it will be a ‘good’ or ‘bad’ year for flowering, and therefore studies of correlations 
between climate and flowering patterns may be useful, if weather data are collected 
at scales finer than annual rainfall and temperatures.  For the conservation of nectar-
feeding birds, knowledge of site - based factors that affect flowering could be used to 
strategically protect or revegetate sites with particular characteristics that result in the 
provision of an abundant and reliable food resource.  Similarly, at the tree-level, 
knowledge of the factors which affect flowering status would be useful in the 
conservation of nectarivorous species as certain types of trees can be protected if 
they are more likely to produce abundant and reliable nectar resources (e.g. large 
trees; see Chapter 6).  
Chapter 5 
Can tree-specific variables predict the 
flowering patterns of individual trees? 
 
 
 
Introduction 
 
The preceding chapter has revealed that there is much variation between individual 
eucalypt trees in flowering phenologies, and that this may, at least in part, be linked 
to tree-specific factors (Chapter 4).  Differences between trees in their ability to 
access resources (water and nutrients) and the allocation of resources to particular 
plant functions, including reproduction, may influence the presence or absence of 
flowering and the intensity of flowering (Landsberg 1988; Gill 1997).     
 
Tree-specific factors, which can affect the ability of a tree to access resources, 
include tree size.  Larger trees are better able to capture and access nutrients and 
water compared with small trees (Ryan and McGarity 1983; Keith 1997).  
Additionally, unlike small trees, large trees are buffered against unpredictable 
environmental conditions because they are better able to recycle nutrients within the 
tree, whereas small trees rely on nutrient uptake from the soil (Keith 1997).    
 
Poor tree health can reduce the relative amount of resources given to reproduction 
compared with other plant functions (Landsberg 1988).   The health of individual 
trees may be influenced by leaf-damage due to herbivory (Landsberg and Cork 
1997), tree age and inherited disease resistance (Potts and Wiltshire 1997). 
Mistletoes can significantly reduce eucalypt growth rates and plant health as these 
hemi-parasites transpire relatively large amounts of water obtained from their host 
(Heatwole and Lowman 1986).   Epicormic growth can also be indicative of tree 
health, as eucalypts respond to leaf-loss from insect damage or drought by new 
growth from branches (Pook 1967; Gill 1978; Landsberg 1988; Abbott 1992).   
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Biotic associations and edaphic conditions around each tree may also influence 
resource availability and therefore flowering phenology.  Nutrient availability is 
influenced by the amount of nutrients stored in various components (pools) (e.g. 
vegetation, animal biomass, litter and soil) and the rate of nutrient transfer among 
these components (fluxes) (Keith 1997).  Fluxes of nutrients between soil and plants 
include litterfall, stemflow and uptake by roots (Keith 1997).  These fluxes may be 
particularly important to tree resource uptake in the area directly under the tree 
canopy, referred to as the ‘zone of influence’  (Ryan and McGarity 1983).  For 
example, litter depth and cover within the zone helps to retain soil moisture and 
prevent erosion, and the litter is a source of nutrient return (Rennie 1955; Attiwill 
1980; Hopmans et al. 1993).   
 
In eucalypt forests, much of the nitrogen comes from fixation by symbiotic bacteria 
associated with species of the genus Acacia or other native legumes (Adams and 
Attiwell 1984).  These inputs may be significant in influencing tree growth on 
nutrient poor sites (Nakos 1977; Adams and Attiwell 1984; Polglase et al. 1992).  
The rate of fixation increases with higher densities of nitrogen-fixing shrubs 
(Hingston et al. 1982).  However, all shrubs within the zone of influence (Nitrogen-
fixing or not) can lead to competition for soil moisture (Kozlowski 1982).   
 
Competition from neighbouring trees within a forest stand may affect water and 
nutrient availability of individual trees (Keith 1997). Larger trees are likely to have a 
greater influence on surrounding soils as the influence of the root zone may extend 
from the trunk of the tree to up to three crown diameters from the tree stem, 
particularly in dry areas (Storey 1967; Bowman and Kirkpatrick 1986).   
 
The aim of this Chapter is to investigate relationships between the frequency and 
intensity of flowering of individually marked E. microcarpa and E. tricarpa trees 
and a range of tree-specific measures that may influence their flowering.  
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Methods 
 
This study was carried out by using marked E. microcarpa and E. tricarpa trees at 
each of three sites in Rushworth Forest, Victoria (See Chapter 2 for a full description 
of the study site and Chapter 3 for selection of trees).  These two species dominate 
much of the Box-Ironbark forests.  
Factors that may influence flowering  
 
Variables within the zone of influence 
 
The ‘zone of influence’, was defined as the area directly under the tree’s canopy.  
While tree roots can go well beyond this area, this area is particularly important in 
the flow of nutrients to each tree (Ryan and McGarity 1983).  Within the zone of 
influence, a 0.5m x 0.5m quadrat was placed along a transect line at two points: at 
the edge of each tree canopy, and at the tree trunk. The transect-line ran at right 
angles to the nearest road.  For trees with very large canopies, measurements were 
also taken mid-canopy and so up to five measurements were taken for each tree.  The 
average of these measurements was used in statistical analysis.  
 
Within each quadrat, the percentage cover (at 5% intervals, e.g. 5%, 10%, 15%, etc.) 
was estimated for five variables; 
1.  litter (leaf litter, sticks less than 2 cm in width), 
2.  bare ground, 
3.  vegetation (shrubs, grasses and herbs), 
4.  sticks and logs (greater 2 cm in width), and 
5.  rocks (larger than 2 cm in size). 
Also, at the centre of each quadrat, the depth of the litter layer was measured by 
forcing a ruler through the litter layer to the top of the soil layer and measuring litter 
depth to the nearest 0.5 cm.  
 
Within the zone of influence, the number of shrubs was counted in two ways;   
1.  total number of all shrubs, and 
2.  number of nitrogen - fixing shrubs (i.e. Acacia spp.). 
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Each of these variables was converted to a density measure by calculating: number of 
shrubs / Πr2, where r is mean canopy radius (m) (for measurement of canopy radius 
see Chapter 2).  Within the entire area of the zone of influence, projective foliage 
cover (Kershaw 1973) was estimated for two vegetation types: 1. shrubs and 2. 
ground covers.   
 
Tree Health 
Tree health was calculated for each tree by assessing three components; 
1.  Mistletoes: 5 =  no mistletoes, 4  = 1 small mistletoe, 3 = 2 small or 1 medium-
large sized mistletoe, 2 =  2 large or 3 small -medium mistletoes, 1 = > 2 large or 
>3 small - medium mistletoes,  
2.  Dead branches: 5 = no visible dead branches; 4 = some small dead branchlets; 3 
= one or two dead branches but tree healthy; 2 = large and/or small branches 
dead over part of the crown with the obvious impression of serious branch death; 
1 = large and small dead branches over most of the crown (adapted from Grimes 
1988).  Branches were the main branches rising from the trunk and branchlets 
were those that rise from the main branches.  
3.  Crown epicormic growth: scored from; 5 = no epicormic growth present; 4 =  
epicormic growth can be seen in small area of the crown; 3 = epicormic growth 
evident but not equal to the majority of the crown area; 2 = epicormic growth 
evident over the majority of the crown; 1 =  epicormic growth only (adapted from 
Grimes 1988).  
 
The health of each tree was scored by summing these three measures. Therefore, 
healthier trees have a higher score compared with unhealthy trees.  Although each 
variable is categorical, they are all assessed on an ordinal scale and the health score 
obtained by combining each factor was treated as a continuous variable that ranged 
from 3-15.  
 
Tree size  
The diameter at breast height (approximately 1.5 m from the ground) was measured 
using a diameter tape (cm) for each marked tree.   
 
 132
Potential competition from near neighbours 
To assess potential competition from neighbouring trees, the distance from, and size 
of, the four nearest trees to each marked tree were measured.  Distances between 
trees were paced to the nearest 0.5 m and the DBH of each of the four nearest trees 
determined.  From these measurements, a measure of potential competition from 
neighbouring trees (C) was calculated as: 
 
C = Σ (basal area of 4 nearest trees) / (πr2)  
 
where r is the distance to the furthest of the four trees. 
 
Distance to water 
Distance to water was measured because preliminary studies suggest that access to a 
permanent water supply may influence tree flowering patterns (Wilson and Bennett 
1997).  However, water is seldom permanent in Rushworth Forest and so ‘water’ was 
defined in two ways; 1.  ephemeral (creeklines and minepits), and 2. permanent 
(dams). Thus, distance to water was assessed for each tree as; 1 =  permanent water 
within canopy, 2 = ephemeral water within canopy, 3 = permanent water within 25 
m,  4 = <25 m to ephemeral water, 5 = 25-50 m from any water source, and  6 = >50 
m from any water source.    
Statistical Analyses 
 
Tree-specific data were collected from individually marked E. microcarpa and E. 
tricarpa trees to examine relationships between the frequency of flowering over the 
three years, the presence/absence of flowering in each year, and intensity of 
flowering in each year (dependent variables) and the above parameters (predictor 
variables). Data from the previous chapter were used for flowering patterns.  
Intensity rather than duration was selected as a dependent variable because these two 
factors were highly correlated (Chapter 4).   
 
The aim of the statistical analyses was to present a model of best fit for the frequency 
and intensity of flowering by using a range of statistical techniques.    
 
 133
Initially, Pearson’s correlation coefficients were used to describe the relationships 
between predictor variables (Coakes and Steed 1997).  This tests for collinearity 
between variables.  
Frequency of flowering  
 
One - way ANOVA: trees that flowered for 0, 1, 2 or 3 years 
One - way ANOVA were used to determine if there were significant differences 
between trees that flowered for 0, 1, 2 or 3 years for each predictor variable.  This is 
useful to determine variables that are likely to be good predictors (Coakes and Steed 
1997).   
 
Discriminant function analysis: trees that flowered for 0, 1, 2 or 3  
Discriminant analysis (DFA) was used to characterize the relationship between the 
independent (predictor) variables and the frequency of flowering (grouping variable) 
for the trees that flowered for 0, 1, 2 or 3 years.   DFA is useful in this data set as the 
grouping variable has a relatively small number of categories (Coakes and Steed 
1997).   
 
Logistic regression analysis 
Logistic regression was used to determine if any of the predictor variables were 
significant in explaining the variation between trees in two frequency groups for 
trees that flowered for 
1.  0,1 vs 2,3 years, and 
2.  0 vs 3 years. 
These groups were selected because it was assumed that the greatest difference 
would be between trees that flowered each year and those that never flowered or only 
flowered in one of the three years. 
 
Logistic regression analysis: presence/absence of flowering  
Logistic regression was used to examine whether any predictor variables were 
significant in explaining variation between trees in the presence or absence of 
flowering in each year; 1997, 1998 and 1999. 
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Statistical analysis for the intensity of flowering  
For each year, multiple linear regression was used to determine if any predictor 
variables were useful in explaining the variation between trees in the intensity of 
flowering in each year.  For completeness, both linear regression and linear stepwise 
regression results are shown, and the model of best fit presented.  There is no reason 
to initially assume that one method of regression is superior (Coakes and Steed 
1997). Only trees that flowered were used in the analyses.  
Meeting assumptions in regression models 
Problems of multi-collinearity were addressed by excluding redundant variables and 
running models with and without each correlated predictor variable to determine if 
this altered the significance of any terms (Quinn and Keough 1996).  
 
Outliers and influential points that may have a significant impact on the regression 
equations were checked by using Cook’s distance and Leverage values (Coakes and 
Steed 1997).  Models were run with and without potential influential points.  
Scatterplots of standardized residuals and standardised predicted values were 
generated to check whether the residuals were independent of the predictor variables 
(Coakes and Steed 1997).  Data were transformed using Log10 and arcsin where 
appropriate, to meet assumptions of normality and homogeneity of variance (Coakes 
and Steed 1997).  
Results 
A total of 274 individual E. tricarpa and E. microcarpa trees were assessed for   
environmental and tree specific factors that may influence flowering within a Box-
Ironbark forest.   
Predictor variables used in analysis.  
Correlations were significant among many variables for both species (Tables 5.1 & 
5.2).  Litter cover and bare ground were highly significantly correlated and as ‘bare 
ground’ had many zero values, this variable was excluded.  Stick cover and rock 
cover were removed from any analyses because these data contained mostly zero 
values.  At the time of sampling these variables were believed to be potentially 
important.   
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Several variables that were correlated were retained because of their ecological 
importance in representing different entities.  For both E. tricarpa and E. 
microcarpa, basal area of neighbouring trees and tree diameter were significantly 
correlated (Tables 5.1 & 5.2).  These two variables measure different factors that 
may affect flowering patterns (i.e. potential competition and tree size) and therefore 
are of ecological interest.  Similarly, the density of nitrogen-fixing shrubs and total 
shrub density was correlated, but each of these variables may have different 
consequences for flowering patterns.  The presence of nitrogen-fixing shrubs 
potentially increases nutrients, whereas total shrub density may be an indicator of 
competition with a tree for water and nutrients.   
 
The final list of predictor variables for both E. microcarpa and E. tricarpa was 
reduced to: basal area of neighbouring trees (log10 transformed), tree diameter (cm) 
(log10 transformed), tree health, mean litter depth, litter cover (%) (arcsin 
transformed), density of all shrubs (log10 transformed), density of nitrogen-fixing 
shrubs (log10 transformed), vegetation cover (%) (arcsin transformed) and distance to 
water (categorical, used in logistic regression analyses only). 
 
 
Table 5.1: Pearsons correlation coefficients for the relationship between predictor variables that may influence the flowering 
patterns of E. microcarpa trees.   Significant at * α = 0.05, ** α = 0.01  ***α = 0.001 See Methods for a description and the 
calculation of each variable.  1 = log10 transformed. 
 
 
Variable 
Tree 
diameter 
(cm)1 
Basal area 
of 
neighbours1 
Tree 
health 
Nitrogen-
fixing 
shrubs1 
Density 
of all 
shrubs 
Litter depth 
(cm)1 
Bare-
ground 
(%) 
Litter 
cover (%) 
Basal area of neighbours (cm)  -0.39***        
Tree health   0.18* 0.12       
Nitrogen-fixing shrubs  0.55***  0.45***  -0.12      
Density of all shrubs   0.49***  0.40**  -0.21*   0.57***     
Litter depth (cm)   0.15   0.18  -0.10   0.09    0.10    
Bare-ground   0.03  -0.21*  -0.15   0.02    0.002   -0.40***   
Litter cover (%) -0.06   0.25**   0.12  -0.12*  -0.08   0.39***  -0.89***  
Vegetation cover (%) 
 
 0.40***  -0.29***  -0.02   0.33***   0.80***   0.06  -0.12   0.07 
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Table 5.2: Pearson’s correlation coefficients for the relationship between predictor variables which may influence the flowering 
patterns of E. tricarpa in Rushworth Forest. Significant at * α = 0.05, ** α = 0.01  ***α = 0.001 See Methods for a detailed 
description and calculation of each variable.   
 
 
Variable  
Tree 
diameter 
(cm) 
Basal area 
of 
neighbours 
Tree 
health 
Nitrogen
-fixing 
shrubs 
Density of 
all shrubs 
Litter 
depth (cm)
Bare-
ground (%) 
Litter 
cover 
(%) 
Basal area of neighbours (cm)  -0.35***        
Tree health  -0.14   0.09       
Nitrogen-fixing shrubs   0.16   0.27**   0.10      
Density of all shrubs   0.47***   0.40***   0.03   0.51***     
Litter depth (cm)   0.25**   0.04  -0.04   0.06  -0.01    
Bare-ground  -0.13  -0.06   0.06  -0.04  -0.10  -0.47***   
Litter cover (%)  -0.62  -0.03  -0.05   0.03   0.04   0.31***  -0.68***  
Vegetation cover (%) 
 
  0.07  -0.09   0.04  -0.07   0.02  -0.04   0.08  -0.47*** 
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Results of analyses for E. microcarpa and E. tricarpa are discussed separately. 
E. microcarpa 
Frequency of flowering 
 
One - way ANOVA: trees that flowered for 0, 1, 2 or 3 years. 
Sample sizes for E. microcarpa trees that flowered for zero, one, two or three years 
were; 12, 58, 40 and 12 respectively.  One-way ANOVA results for each predictor 
variable and each frequency group are given in Table 5.3.  These data suggest that 
tree diameter, Nitrogen-fixing shrub density and density of all shrubs may influence 
the frequency of flowering (Table 5.3).   
 
 
Table 5.3:  One-way ANOVA results for trees that flowered for 0, 1, 2, or 3 
years for each predictor variable.   Significant values are shown in bold.  
 
Predictor variable F p 
 
Tree diameter (cm) 
 
6.94 
 
   0.0002 
Density of all shrubs 5.30   0.002 
N - fixing shrub density 2.62  0.05 
Tree health 1.96 0.12 
Vegetation cover (%) 1.82 0.15 
Litter depth (cm) 1.22 0.31 
Basal area of neighbouring trees (cm/area) 0.75 0.53 
Litter cover (%) 0.23 0.87 
 
 
Discriminant function analysis: trees that flowered for 0, 1, 2 or 3 years. 
Discriminant function analysis (DFA) was not effective in determining predictor 
variables that were useful in discriminating between groups of trees that flowered for 
0, 1, 2, or 3 years when all predictor variables were included in the model.  Function 
1 explained most of the variation but the effectiveness of the discriminant function 
was low (Eigenvalue = 0.24).  Predictors had no discriminatory value as the null 
hypothesis that the population means are equal could not be rejected (Wilks Lambda 
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= 0.84, p = 0.07).  The null hypothesis that the variances are equal could not be 
rejected (Box’s M = 14.7, p = 0.77).    
 
DFA was run several times, removing one, or several, correlated variables, and those 
variables that did not differ significantly between frequency groups based on the one-
way ANOVA results.  The model of best-fit was achieved when litter cover and 
mean litter depth were removed (Wilks Lambda =0.69, p = 0.0007).  Function 1 
explained most of the variation. The predictor variables that displayed the greatest 
correlation with discriminant scores are shown in Table 5.4.  The percentage of 
groups correctly classified was 43%, which is low.  The highest correct classification 
was for trees that flowered for 0 years (75% correctly classified) and 3 years (58% 
correct).    
 
Table 5.4: Discriminant function analysis results for the 
best group of predictor variables for the frequency of 
flowering of E. microcarpa trees.  Coefficients that are likely 
to be important in explaining the variation in the frequency of 
flowering are shown in bold.   
 
Predictor variable Standardized canonical 
coefficients 
 
Tree diameter (cm) 
   
  0.63 
Nitrogen-fixing shrubs   0.43 
Tree health -0.25 
Basal area of neighbouring trees -0.27 
Density of all shrubs    0.35 
Vegetation cover (%)  -0.27 
 
 
Tree diameter was the best predictor of variation between frequency groups, 
followed by density of nitrogen-fixing shrubs (Table 5.4).  These associations were 
positive with trees that flowered for 2 or 3 years, and negative for trees that flowered 
for 0 or 1 year.  Therefore, the greater the tree diameter and the greater the density of 
Nitrogen-fixing shrubs the more frequently a tree is likely to flower.   
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To provide a better indication of how the predictor variables relate to the 
discriminant scores, a scatterplot of the four most important predictor variables from 
the DFA results are provided (Fig. 5.1a-d).  Regression lines are shown for each 
frequency group (0, 1, 2 or 3 years) and for the total population.   The plots reveal 
that there is not a good separation of frequency groups in the discriminant space for 
any variable (Fig. 5.1a - d).  
 
There was a strong, positive relationship between tree diameter and the frequency of 
flowering for the total population, and for trees that flowered for 1, 2 or 3 years (Fig. 
5.1a).  The relationship is not so marked for trees that flowered for zero years (Fig. 
5.1a).  There was a negative association for the population for the basal area of 
neighbouring trees and frequency of flowering (Fig. 5.1b).  This negative association 
was only evident for trees that flowered for two years, and other frequency of 
flowering groups did not display any obvious directional association (Fig. 5.1b).   
 
The density of all shrubs (Fig. 5.1c) and Nitrogen-fixing shrub density  (Fig. 5.1d) 
were positively associated with the frequency of flowering for all frequency groups, 
except for trees that flowered for zero years.  
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Figure 5.1: Scatterplots of predictor variables and discriminant scores for predictor 
variables that may influence the frequency of flowering for E. microcarpa trees. 
Separate regression lines are given for each frequency group (trees that flowered for 0, 1, 
2 or 3 years) and for the total population.  Predictor variables shown: a) Tree diameter, b) 
Basal area of neighbouring trees, c) density of all shrubs and d) nitrogen - fixing shrub 
density. 
 
 
 142
Logistic regression: trees that flowered for 0,1 or 2,3 years. 
 
Logistic regression (forward stepwise) was used to evaluate predictors for the E. 
microcarpa trees that flowered for 0,1 or 2,3 years. Nitrogen-fixing shrub density 
was significant in explaining the variation between groups (Table 5.5).  The model 
correctly classified 80% of trees that flowered for 0,1 years and 56% of trees that 
flowered for 2,3 years.  
 
 
 
Table 5.5: Logistic stepwise regression model of best fit for the 
variable influencing the frequency of flowering (0,1 or 2,3 
years) by E. microcarpa trees.  R = Nagalkerke R2. 
 
Variable Coefficient  (s.e.) p R 
 
Nitrogen-fixing 
shrubs 
   
1.52 (0.5) 
 
0.001 
 
0.22 
Constant -0.94 (0.3)   
 
 
 
Logistic regression: trees that flowered for 0 or 3 years 
Tree diameter and mean litter depth were significant variables in explaining the 
variation between trees that did not flower and those that flowered for three years 
(Table 5.6).  The association between the frequency of flowering and tree diameter 
was positive. Trees with a greater diameter had a greater likelihood of flowering for 
three years, and trees with a small diameter were more likely to flower for zero years.  
Trees associated with a greater litter depth were more likely to flower for three years.   
 
 
Table 5.6: Logistic regression model of the variables 
influencing the frequency of flowering (0 or 3 years) by E. 
microcarpa trees.   R = Nagalkerke R2. 
 
Variable Coefficient (s.e.) p R 
Tree diameter  6.33 (2.5) 0.01 0.36 
Litter depth  0.98 (0.5) 0.06 0.22 
Constant -10.4 (4.0) 0.01  
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Logistic regression: presence/absence of flowering in each year.  
 
Logistic regression analysis was used to determine predictor variables that explained 
the variation in the presence or absence of flowering of E. microcarpa trees in each 
of three years; 1997, 1998 and 1999.   
 
1997: presence/absence of flowering  
Density of all shrubs was a significant factor in explaining the variance between trees 
that did or did not flower in 1997 (Table 5.7).  The greater the density of shrubs the 
more likely a tree was to flower in that year.  This model was useful in predicting the 
trees that did not flower (100% correctly classified) but not for trees that flowered 
(4.4% correct).   
 
1998: presence/absence of flowering  
Tree diameter and litter cover were significant variables for the presence or absence 
of flowering in 1998 (Table 5.7). Larger trees, and trees associated with a greater 
litter cover, had a greater likelihood of flowering in 1998 than smaller trees and trees 
associated with less litter cover.  For 1998, the model correctly classified 44% of 
trees that did not flower and 95% of trees that did flower. 
 
1999: presence/absence of flowering  
In 1999, tree health was the only significant variable in explaining the variation 
between trees that did or did not flower (Table 5.7).  Less healthy trees were more 
likely to flower in that year.  The model had little predictive power for the trees that 
did flower (4.3% correctly classified) compared with 97% correct for trees that did 
not flower.   
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Table 5.7: Logistic (stepwise) regression model of best fit for the variables 
influencing the presence or absence of flowering of E. microcarpa trees in 
each of three years.   R = Nagalkerke psuedo R2. 
 
 
Year Variable Coefficient (s.e.) p R 
 
1997 
 
Density of all shrubs 
 
     2.3  (0.7) 
 
 0.001 
 
0.26 
 Constant     -3.5   (0.7)  0.000  
     
1998 Tree diameter      5.0 (1.2)  0.000 0.38 
 Litter cover         0.03 (0.02) 0.05 0.14 
 Constant     -5.0  (1.5)  0.001  
     
1999 Tree health    -0.42  (1.9) 0.03 0.13 
 Constant      2.46 (1.3) 0.06  
 
Intensity of flowering: E. microcarpa  
 
Tree diameter was significant in explaining 22% of variation in the intensity of 
flowering in 1997 (Table 5.8).  In 1998, tree diameter and tree health together 
explained 25% of variation in the intensity of flowering (Table 5.8).   No variables 
were significant in explaining variation between E. microcarpa trees in the intensity 
of flowering in 1999. 
 
 
 
Table 5.8: Linear regression model for the variables influencing 
the intensity of flowering of E. microcarpa trees in 1997 and 
1998.   Note that there were no significant variables for 1999.  
 
Year Variable Coefficient (s.e.) p R2 
1997 Tree diameter   3.94 (1.6) 0.02 0.22 
 Constant -1.84 (2.5)   
     
1998 Tree diameter 6.79 (1.4) 0.000 0.13 
 Tree health 1.41 (0.3) 0.000 0.12 
 Constant -14.5 (3.5) 0.000  
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E. tricarpa  
Frequency of flowering  
 
One - way ANOVA: trees that flowered for 0, 1, or 2 years  
 
For E. tricarpa, sample sizes were small for trees that flowered for zero or three 
years (five and one respectively) and the single tree that flowered for three years is 
not included in these analyses.  One-way ANOVA results for variation in predictor 
variables between the trees that flowered for 0, 1 and 2 years are given in Table 5.11.  
These suggest that tree diameter may be predictive of variation between frequency 
groups (Table 5.9).  
 
 
Table 5.9: One-way ANOVA results for E. tricarpa trees that 
flowered for 0, 1 or 2 years and each predictor variable.   
Significant values are shown in bold.  
 
Predictor variable F p 
 
Tree diameter (cm) 
 
4.57 
 
0.01 
Basal area of neighbouring trees (cm/area) 1.87 0.16 
Density of all shrubs 1.58 0.21 
Litter cover (%) 1.52 0.22 
Nitrogen-fixing shrubs 1.21 0.30 
Vegetation cover (%) 1.08 0.34 
Litter depth (cm) 0.20 0.82 
Tree health 0.15 0.86 
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E. tricarpa: Frequency of flowering  
 
Discriminant function analysis: trees that flowered for 0, 1 or 2 years 
 
Discriminant function analysis (DFA) was used to explore all predictor variables that 
may explain the variation among trees that flowered for 0, 1 or 2 years.  The 
effectiveness of the discriminant function was low and suggestive of problems with 
multicollinearity (Eigenvalue = 0.18).  Predictors may have some discriminatory 
value as the null hypothesis that the population means are equal was rejected (Wilks 
Lambda = 0.08, p = 0.02). The null hypothesis that the variances are equal could be 
rejected (Box’s M = 81.4, p = 0.0002).   The percentage of groups correctly 
classified was 65%.  The highest correct classification was for trees that flowered for 
zero years (80% correctly classified) and one year (65% correct), with 58% of trees 
that flowered for two years correctly classified.    
 
Function 1 explained most of the variation between frequency groups. The predictor 
variables that displayed the greatest correlation with discriminant scores are shown in 
Table 5.10.  The standardized canonical coefficient shows that basal area of 
neighbouring trees, tree diameter, density of all shrubs and Nitrogen-fixing shrub 
density were the best predictors of variation between each frequency group (Table 
5.10).  The structure matrix values which are not affected by multicollinearity and 
are more stable in small samples revealed a high correlation with discriminant scores 
and density of all shrubs (coefficient = -0.30)  and nitrogen-fixing shrub density 
(coefficient = 0.34).     
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Table 5.10: Discriminant function analyses for the 
frequency of flowering of E. tricarpa trees.  
Coefficients that are likely to be important in explaining 
the variation in the frequency of flowering are shown in 
bold.   
 
Predictor variable Standardized 
canonical 
coefficients 
 
Tree diameter 
  
  0.63 
Nitrogen-fixing shrubs   0.62 
Basal area of neighbouring trees   0.72 
Density of all shrubs    0.70 
Vegetation cover (%)  -0.27 
Litter cover (%)  -0.22 
Mean litter depth  -0.14 
Tree health   0.10 
 
 
Several alternative models were run that excluded correlated variables and those 
unlikely to be important in discriminating between frequency groups. The 
effectiveness of the model was not improved (Eigenvalues were consistently low).  
Basal area of neighbouring trees, tree diameter, density of all shrubs and Nitrogen-
fixing shrub density continued to be the best predictors of variation between each 
frequency group. 
 
To provide a better indication of how the predictor variables relate to the 
discriminant scores, a scatterplot of each significant predictor variable from the DFA 
results are provided (Fig. 5.2 a - d).  Regression lines are shown for each frequency 
group (0, 1 or 2 years) and for the total population.   The plots reveal that there is not 
a good separation of frequency groups in the discriminant space.  
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Logistic regression analyses: trees that flowered for 0,1 or 2,3 years 
Tree diameter was a significant variable in stepwise logistic regression analysis of 
trees that flowered for 0, 1 versus 2, 3 years (Table 5.11).  The predictive power was 
high for trees that flowered for 0,1 years at 99% of cases correctly classified but 0% 
of trees that flowered for 2,3 years were classified correctly.   
 
 
 
Table 5.11: Logistic regression model of best fit for the variable 
influencing the frequency of flowering (0,1 or 2,3 years) of E. 
tricarpa trees.  R = Nagelkerke R2 
 
Year Variable Coefficient (s.e.) p R 
 
1997 
 
Tree diameter 
 
1.85 (0.68) 
 
0.01 
 
0.18 
 Constant 1.65 (1.0) 0.11  
 
 
Logistic regression analysis: trees that flowered for 0 or 3 years  
Because of the small sample sizes for E. tricarpa, comparisons were not made 
between frequency groups of trees that flowered for 0 or 3 years.  
 
Logistic regression analysis: presence/absence of flowering each year  
Only three trees flowered in 1997, and all but five trees flowered in 1998 (Chapter 
3).  Therefore, the power of any models of the presence or absence of flowering in 
these years is likely to be low.  Thus, logistic regression was performed only for the 
presence or absence of flowering in 1999.  Several stepwise logistic models were 
performed but no variables were significant in explaining the variation in the 
presence or absence of flowering in 1999.  
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Intensity of flowering 
 
Tree diameter was significant in explaining the variation in the intensity of flowering 
in 1998 (Table 5.12).   There were no signficant variables that explained the variation 
in the intensity of flowering in 1999.  
 
 
Table 5.12:  Linear regression (stepwise) model of best fit for 
the variables influencing the intensity of flowering of E. tricarpa  
trees in 1998.  Note that there were no significant variables for 
1999.  
 
Year Variable Coefficient  p R2 
 
1998 
 
Tree diameter 
 
4.18 (1.1) 
 
0.0002 
 
0.09 
 Constant 0.71 (1.8) 0.69  
 
 
 
 
 
Discussion 
 
A range of statistical analysis techniques was used to identify variables that may be 
useful in predicting the frequency and intensity of E. microcarpa and E. tricarpa 
flowering.  Tree size was the explanatory variable that was most frequently 
significant, but other factors explained some of the variation in certain years.   The 
models of best fit often had little predictive power.  The lack of predictive power was 
not consistent for the presence or absence of flowering, in that at times there was 
little predictive power for the trees that did flower and high power for the trees that 
did not and vice versa.  
 
Explanatory variables for the frequency of flowering (including presence/absence) 
were, for E. microcarpa; tree diameter, density of nitrogen-fixing shrub and litter 
cover.  All of these associations were positive.  For the intensity of flowering of E. 
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microcarpa, significant variables were tree size and tree health. For E. tricarpa, the 
frequency of flowering may be influenced by tree diameter, density of nitrogen-
fixing shrubs, density of all shrubs and basal area of neighbouring trees.   Tree 
diameter was a significant predictor for the intensity of flowering of E. tricarpa in 
1998.   
The influence of tree size on flowering phenologies.  
 
Tree size was the most frequently significant explanatory variable.  Tree size 
explained a relatively high percentage of the variation in the intensity of flowering of 
E. microcarpa trees in 1997 and 1998 (r2 values, 22% and 23% of the variation 
explained, respectively).  For E. tricarpa, the percentage of variation explained by 
tree size was signficant but low  (R2  = 9%).  The relationship between tree size and 
flowering patterns was always positive, such that the frequency and intensity of 
flowering increased with increasing size class.  
 
The reasons that tree size influences flowering are likely to include the ability of 
larger trees to better access soil moisture and nutrients, that they are buffered against 
environmental change, and may allocate a relatively greater proportion of resources 
to reproduction, compared with smaller trees (Keith 1997; Chapter 6).  The 
association between tree size and other predictor variables provides further insights 
into why larger trees may have more resources available for reproduction than 
smaller trees.  For E. microcarpa and E. tricarpa, larger trees were associated with 
less competition from near-neighbours, a greater density of nitrogen-fixing shrubs 
under the canopy and a greater litter depth within the zone of influence. For E. 
microcarpa, tree size was also positively associated with ground cover and 
vegetation cover and for E. tricarpa was also positively associated with the density 
of all shrubs.  
Potential competition from near-neighbours 
Potential competition from near - neighbouring trees was associated with a reduced 
frequency of flowering for E. tricarpa.  This may because competition for soil 
moisture affects resource availability and therefore the potential amount of nutrients 
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allocated for reproduction. This result may be confounded by the fact that smaller 
trees were closer together and were less likely to flower, probably because of tree 
size. 
 
Larger trees are the dominant competitor in forests, and this was reflected in the 
greater distances between large trees and near-neighbours compared with smaller 
trees.  Larger trees influence surrounding soils; in the distribution of water, mineral 
and organic nutrients within and beyond the immediate canopy area (Storey 1967; 
Ryan and McGarity 1983).  Larger trees are better able to extract water and nutrients 
from surrounding soils, and thereby disadvantage smaller, neighbouring trees 
(Stoneman 1994).   
Shrub and litter cover  
The cover of nitrogen-fixing shrubs can provide important resources for trees with 
which shrubs are associated.  The inputs of N from nitrogen-fixing shrubs can be 
significant in areas of low nutrients (Adams and Attiwell 1984).  Therefore, in the 
Box-Ironbark forests the presence of nitrogen-fixing-shrubs has the potential to 
increase the nutrients available for reproduction.  
 
Litter cover is important for the cycling of nutrients and the retention of soil 
moisture. As water deficits are the prime factor influencing tree growth (Kozlowski 
1982) then presumably any environmental feature that reduces water loss will place 
any tree at an advantage in accessing resources for growth and reproduction.   An 
increase in the litter layer was associated with a greater frequency of flowering, and 
this may be associated with the importance of litter in protecting trees from water 
stress for a greater period of time compared to trees without a substantial litter layer.  
This may lead to trees initiating more buds and/or retaining more buds to anthesis. 
Disturbance to the ground layer and flowering patterns 
 
Particular trees may be disadvantaged in the amount of nutrients available, in litter 
and shrub cover, if they exist in areas of relatively recent disturbance.  Presumably, 
most small trees that now occur in the forests are due to regeneration after logging of 
dominant trees (note that coppiced trees were not surveyed) (Newman 1961).  Larger 
trees are more likely to exist in areas of relatively little disturbance (at least in the 
zone of influence).  Disturbance, due to logging or mining, sets up a cycle of reduced 
soil inputs, which in dry forests may take decades to reverse (Hamilton et al. 1991). 
The negative loop created when the complexity in the shrub and litter layer is 
reduced is detailed in Figure 5.3.  This negative loop would result in fewer resources 
available for reproduction in small trees compared with large trees.  This is because 
the loss of the shrub layer can contribute to a decrease in soil health, increased soil 
exposure, fewer invertebrates and vertebrates, and increased runoff and erosion (Ellis 
1971; Raison and Khanna 1982; Dickman 1991; Postle et al. 1991; Brown et al. 
1999).   
 
Disturbance 
 
     Reduced shrub cover        Exposure of litter layer  
 
Reduced nutrients                              Increased runoff 
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Reduced nutrient cycling       Increased erosion 
 
        Fewer invertebrates   Reduced litter layer 
 
Figure 5.3: The cycle of low nutrient return that can be created in dry forests due to 
disturbance.   
 
 
 
In contrast to smaller trees, larger trees are likely to be advantaged by positive 
association with the density of all shrubs and nitrogen - fixing shrubs within the zone 
of influence.  This sets up a positive loop of nutrient return (Fig. 7.4).  High rates of 
Nitrogen (N) inputs can occur from the litterfall of leguminous shrubs which can 
have significantly more N in leaves than those of non-leguminous shrubs (Westman 
and Rogers 1977; Grove and Malajczuk 1992).  These higher concentrations of N 
result in an increased rate of litter decomposition and nutrient cycling (McColl 
1969).  Therefore, the connection between nitrogen-fixing shrubs and flowering may 
not be directly linked, but may be due to an increase in the cycling of nutrients, 
which are then available for all plant functions, including reproduction.  
 
b) Nitrogen - fixing shrubs        Increased N in litterfall   Increased N in  
                soil   
 
 
Germination 
of soil stored 
seed of N 
fixing 
shrubs 
 
Increased litter 
decomposition 
Increased availability of 
nutrients
 
 
Figure 5.4: A cycle of positive nutrient return in dry forest systems in the presence of 
nitrogen-fixing shrubs.  
 
The influence of tree health on flowering phenology 
 
Tree health was a significant explanatory variable for the intensity of flowering of E. 
microcarpa trees in 1998, and the presence or absence of flowering in 1999.  
Healthier E. microcarpa trees flowered more intensely in 1998, but the presence of 
flowering was negatively associated with tree health in 1999. This apparent 
contradiction between years in results (i.e. positive association one year and negative 
the following year) may be a factor of less healthy trees flowering as a response to 
stress and reproducing in the event of death.  There is anecdotal evidence that this 
can occur for a range of species.  
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Healthier trees had fewer dead branches, less epicormic growth and fewer mistletoes 
than less healthy trees.  Landsberg (1998) and Banks (2001) have also reported the 
positive association between eucalypt tree health and the intensity of flowering. Less 
prolific flowering occurs after chronic insect defoliation and dieback (Landsberg 
1988). The extent of the damage and the time taken for the tree to recover may affect 
flowering responses (Gill 1997).   
 
The analyses revealed that each year there were different variables that were most 
important in explaining the variation in flowering patterns of each tree.  This 
suggests that it is likely that there are other, complex and interconnected processes 
that act to influence the flowering phenology of trees.  These could include further 
tree-specific attributes such as genetic influences (Davis 1968; Griffin 1980), density 
- dependent factors (i.e. number of fruits already on a tree), and crown architecture, 
which is an important factor in photosynthetic production (Yokozawa et al. 1996).  
Site based features may also influence the flowering patterns of trees, including 
micro-topography (Tongway and Ludwig 1983), and the slope and aspect of the site 
(Cremer et al. 1978).   Previous and prevailing temperatures, rainfall and available 
light may also act in conjunction with tree-specific traits on resources available for 
reproduction.   
 
No predictors were consistent in explaining variation in flowering patterns among 
individual trees. Additionally, most models had low predictive power. This suggests 
that a range of interconnected factors is acting on each tree’s flowering phenology in 
complex ways.  For example, rainfall and temperature affect soil moisture deficits 
but so does a range of other factors, including leaf litter and soil type (Kozlowski 
1982).  Further, trees are subject to temporal changes in status (e.g. tree health and 
size).  A predictive model of the flowering patterns of trees would be complex and 
require further data collection, such as for those additional factors mentioned above, 
including rainfall, temperature, topography and soil characteristics.   
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Chapter 6 
The influence of tree size on the abundance 
of floral resources of a Eucalyptus 
community in a Box-Ironbark forest. 
 
 
Introduction 
 
In the previous chapter, it was found that tree size is likely to have some influence on 
the flowering phenology of E. tricarpa and E. microcarpa. If tree-size influences 
flowering then this also has implications for the management of these forests for the 
conservation of biodiversity.  If there are differences between tree-sizes in the 
production of floral resources then this needs to be considered in the utilisation of 
timber within Box-Ironbark forests.  The retention of large trees is a contentious 
issue; timber cutters prefer large trees but these are also considered to be important 
for hollow-dependent fauna (DNRE 1997; ECC 1997).   
 
Large eucalypt trees may be important in providing a greater abundance of a variety 
of food resources for associated faunal communities.  For example, old eucalypt trees 
have a greater abundance of canopy insects (Yen 1989), produce higher numbers of 
seeds per tree (Kozlowski 1971; Jacobs 1955; Pryor 1976) and provide more 
foraging space for mammals (Dickman 1991) than small trees.   
 
The timing of first flowering of eucalypts varies between species and individuals, 
ranging from a few months to up to 8 years (Wiltshire et al. 1998).  The age of first 
flowering appears to be primarily influenced by genetic factors (Jordan et al. 1999). 
In this study, it is assumed that sample trees were reproductively mature. 
 
Nectar may be another resource that varies in abundance between large and small 
trees.  Large eucalypt trees in the Box-Ironbark region may be a particularly 
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important source of nectar for birds (Traill 1995; Webster and Menkhorst 1992).  
Some nectarivorous species are in decline in the region, and the selective removal of 
large trees may have contributed to these declines (Traill 1995; Webster and 
Menkhorst 1992). For example, two nationally endangered species of birds, the Swift 
Parrot Lathamus discolor and Regent Honeyeater Xanthomyza phrygia, are both 
Box-Ironbark specialists that depend on winter nectar-flows (Brown 1989; Webster 
and Menkhorst 1992; Kennedy 1998; Oliver et al. 1999).  Webster and Menkhorst 
(1992) suggested that regent honeyeaters potentially need sites with large trees. 
However, the relationship between flowering productivity and tree size has not been 
shown for key species of eucalypts in Box-Ironbark forests.   
 
Prior to European exploitation, Box-Ironbark forests consisted of open stands of 
large trees (estimated to have been 25 trees ha-1 of 75 - 90 cm diameter at breast 
height (DBH)) (Newman 1961).  From the time of the discovery of gold in the 
region, until the present day, the characteristic species of eucalypts have been used 
for timber and firewood (ECC 1997).  Exploitation, together with silvicultural 
practices, such as the systematic removal of mature trees, has lead to a dramatic 
decline in the abundance of large trees with only 0.4% of trees greater than 60 cm 
DBH (Soderquist 1999).  Much of the remaining forests are dominated by densely 
spaced, small trees (ECC 1997).  
 
The aim of this Chapter is to examine variation in flowering patterns between 
different size - classes of trees for seven Eucalyptus species in a Box-Ironbark forest.  
In particular, the objectives are to examine variation between size - classes of trees 
in:  
1.  the frequency, duration and intensity of flowering, and  
2.  the abundance of floral resources of individual trees, of forest stands, and within 
a flowering season. 
 
Large old ironbarks such as this (above) are now a rare 
sight in the Box-Ironbark region and attract much 
attention and enthusiasm when found, and below, much 
of the forests now look like this, stands dominated by 
small, densely spaced trees.  
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Methods 
 
This study was carried out from November 1996 to March 2000 in Rushworth Forest.  
A description of the study site is given in Chapter 2.   
Selection of individual trees 
 
Individual trees of each of seven Eucalyptus species were selected as described in 
Chapter 3. Trees were selected in five size - classes: very small, 5 - 20 cm DBH; 
small, > 20 - 40 cm; medium, > 40 - 60 cm; large > 60-80 cm, and very large > 80 cm 
DBH. These size-classes are those used by the Department of Natural Resources and 
Environment (Vic.) to determine tree retention rates during timber harvesting (DNRE 
1997).  
 
The flower cover of each tree was assessed at approximately three - week intervals 
(mean 22 days s.e. 0.6) from November 1996 to March 2000.  Flower cover was 
scored as percentage of foliage covered in flowers as described in Chapter 3.   
Measures of flowering patterns 
 
Frequency of flowering  
For each size - class, the percentage of trees that flowered for zero, one, two or three 
years was calculated.  
 
Flowering duration 
For each individual tree, flowering duration was calculated as an adjusted measure 
(Dadj), to account for the interval between sampling and minor variation in the number 
of days between sample dates, as described in Chapter 4.   
 
Relative flowering intensity  
Relative flowering intensity (I) was measured as projective foliage cover x 
maximum flower cover (see Chapter 3) and was calculated for each tree each 
flowering season.  This provides a measure of the abundance of flowers per unit 
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area and therefore allows comparison of flowering intensity among tree size - 
classes independent of the effect of canopy size.  
 
Additionally, the percentage of small (< 40 cm DBH) and large (>40 cm DBH) trees 
with <10% maximum flower cover and those with ≥50% maximum flower cover was 
calculated.  These values were chosen because they represent relatively very few 
flowers (<10% flower cover generally represents a few flowers on small trees and a 
few clumps of a few flowers on large trees) and ≥50% represents a great abundance 
of flowers over much of the canopy area.  
 
Measures of floral resource abundance  
Differences between size - classes of trees in abundance of floral resources were 
examined for the 1998 season. Only data from 1998 were used because it was in that 
year that all size - classes were well represented with flowering trees.  It is assumed 
that the intensity of flowering (flowers per unit area of foliage) is positively 
correlated with the amount of nectar resources available to blossom-feeders.  Three 
methods were used to calculate floral resource abundance.   
1. An index of  floral resource abundance per tree (TA), calculated as 
TA  = Πr2  x I 
where Πr2  is canopy area and I is mean flowering intensity (as above).  The radius 
of each tree’s canopy was measured from the trunk to the edge of the canopy in four 
perpendicular lines using a tape measure, and the mean of these four measurements 
was taken as ‘canopy radius’.  
 
2. An index of floral resource abundance for a (theoretical) stand of trees containing 
a single size - class of tree (SA) was calculated as 
SA =  (I x P)  x  ( Πr2 /  NND) 
I = mean intensity of flowering (as above) for all trees that flowered in a particular 
size - class, P = proportion of trees in that size - class that flowered in 1998, Πr2  is 
mean canopy area and NND = mean nearest neighbour distance for that size - class.  
The nearest neighbour distance (NND) was calculated for each tree by measuring the 
distance to the nearest other tree. This index combines a measure of the overall 
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abundance of flowers in a stand (I x P) with a measure of the spacing of trees and 
canopies ( Πr2 /  NND) within a (theoretical) stand of trees of the same size - class.   
 
3.   An index of floral resource abundance for trees of a particular size - class at each 
sample date (DA) was calculated as; 
DA =  It x Pt 
where I is the mean intensity of flowering for a  size - class on a particular sample 
date t, and P is the proportion of trees flowering in a size - class on the same 
particular sample date t.  For example, say on June 23 very small trees had a mean 
intensity of 2 and 20% of marked very small trees were flowering; DA = 2 x 0.2 = 
0.4.  Only trees that were flowering were included in the measure of mean intensity.  
In this way, change in floral resource abundance over a flowering season can be 
compared between size - classes.  
Statistical analysis 
Because the design of the study included three sites for each species and data were 
collected across three years (except for measures of floral resource abundance), a 
three-way analysis of variance was used to determine the effects of size - class, year 
and site (fixed factors), on the dependent variables, mean flowering duration (Dadj) 
and mean intensity of flowering.  
 
However, in 1997 the numbers of trees that flowered in each size - class at each site 
were small (n<6) for some species, and assumptions of homogeneity of variance 
could not be met (Underwood 1997). Therefore, an alternative approach to analysis 
was taken for these species.  For E. camaldulensis, trees were pooled into two size - 
classes, ≤ 40 cm and >40 cm DBH, for 1998 and 1999.  For E. melliodora and E. 
microcarpa, trees were pooled into two size - classes, ≤ 40 cm DBH and >40 cm 
DBH in 1997, but for 1998 and 1999 the data from all size - classes were compared 
using three-way ANOVA (as above). For E. tricarpa, separate analyses were 
undertaken in 1998 and 1999.  Only three trees flowered in 1997, and no analysis of 
variance was undertaken. In 1998, the number of E. tricarpa trees that flowered was 
large and analysis was carried out for all size - classes.  In 1999, only one E. tricarpa 
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tree in the size - class 5 -  20 cm flowered and so data in that year were pooled for 
trees <40 cm and >40 cm DBH.   
 
For species for which one year was analysed separately (E. melliodora and E. 
microcarpa in the 1997 season and E. tricarpa in the 1998 and 1999 season), two-
way analysis of variance was used to test for differences between size - classes in 
duration and intensity of flowering, with site and size - class as factors.   
 
For all analyses where there was a significant size - class effect Tukey’s test was 
used as the post hoc test (Underwood 1997).  Data were transformed using log10 or 
square root transformations where required to meet assumptions of homogeneity of 
variance and normality (Underwood 1997).  Sample sizes were mostly >6 (including 
pooled data) and therefore robust to these assumptions (Underwood 1997).   
 
χ2 tests were used to compare frequency data between size - classes: the percentage 
of trees that flowered for zero, one, two or three years; the percentage of trees 
flowering in each flowering season, and the percentage of trees that displayed <10% 
and >50% flower cover.   
 
Because trees were sampled across three sites (2 sites for E. leucoxylon, see Chapter 
2), Contingency tables were used initially to test whether there was a difference 
between sites in the frequency of trees in each size - class.  There were no significant 
differences in frequencies of trees in size - classes across sites for any species 
(p>0.05){ E. camaldulensis  (df 6, χ2  =  2.1); E. leucoxylon (df 3, χ2  =  1.4); E. 
macrorhyncha  (df 4, χ2  =  6.9); E. melliodora (df 6, χ2  =  7.8); E. microcarpa  (df 
6, χ2  =  7.2); E. polyanthemos (df 4, χ2  =  2.2); E. tricarpa (df 8, χ2  = 8.9)}.  
Therefore, if there was a significant site effect it was not due to variations among 
sites in the frequencies of  trees in different size - classes.  
 
One-way ANOVA was used to compare between size - classes of trees for floral 
resource abundance per tree (TA).   For floral resource abundance per stand (SA) and 
change in floral resource abundance over time (DA) only one data point is generated 
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for each size - class each season or sample date and so no statistical analysis was 
undertaken. 
Results 
 
A total of 794 trees from seven Eucalyptus species were marked and assessed for 
flower cover on 51 occasions over three years (Table 6.1).   There were relatively 
few large and very large trees for many species and so sample sizes vary among size 
- classes for each species (Table 6.1).  In particular, there were few large trees 
available for E. leucoxylon, E. macrorhyncha and E. polyanthemos (Table 6.1).  Tree 
sizes ranged from 5 - 294 cm DBH.    
 
 
Table 6.1:  Numbers of trees sampled in each of five size - classes, 
based on diameter at breast height (cm DBH) for seven Eucalyptus 
species in Rushworth Forest, Victoria.  *Note that, for analysis, trees 
from that size - class included in preceding size - class.  
 
 Tree size - class (cm DBH) Total 
Species  5 - 20 
 
20- 40 40 - 60 60- 80 80+  
E. camaldulensis 32 32 33 23 22 142 
E. leucoxylon 12 11 11 8 3* 45 
E. macrorhyncha 32 34 27 6* 0 99 
E. melliodora 30 33 27 25 14 129 
E. microcarpa 36 34 28 20 4* 122 
E. polyanthemos 39 37 24 5* 0 105 
E. tricarpa 31 37 33 28 23 152 
 212 218 183 115 66 794 
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Variation between size - classes of trees in flowering patterns. 
 
Frequency of flowering 
There were highly significant differences between tree size - classes in the frequency 
of flowering (i.e. percentages of trees that never flowered, flowered for one, two or 
three years) for all seven species (Fig. 6.1).  For four species (E. camaldulensis, E. 
leucoxylon, E. melliodora., E. microcarpa), trees 5 - 20 cm were significantly more 
likely to never flower, or flower for just one year than all other size - classes.  Trees 
> 40 cm were more likely to flower for two or three years than trees ≤ 40 cm for five 
of the seven species (E. camaldulensis, E. leucoxylon, E. macrorhyncha, E. 
polyanthemos, E. tricarpa).    
 
 
 
For all species, trees 5 - 20 cm DBH had the greatest percentage of trees that never 
flowered (Fig. 6.1).  Only trees 5 - 20 cm DBH and >20 - 40 cm never flowered 
(except for E. camaldulensis) (Fig. 6.1).  All E. leucoxylon trees of >40 cm flowered 
for two years.  Only one very large E. tricarpa tree of 80+ cm flowered for three 
years (Fig. 6.1).  
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Figure 6.1: Comparison between size - classes of trees in the percentage of 
trees that flowered for zero, one, two or three years for seven Eucalyptus 
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species, from 1997 to 1999.  Note that only two years data available for E. 
camaldulensis and E. leucoxylon.  
Percentage of trees flowering 
There were significant differences between size - classes in the percentage of trees 
that flowered (χ2 tests; Table 6.2).  However, these differences were not significant 
for all species in each year. When the differences between size - classes were not 
significant (e.g. 1997), there was still a general trend for larger size - classes (> 40 
cm DBH) to flower in greater proportions than smaller size - classes (≤40 cm) (Table 
6.2).  
 
In 1998, significantly fewer very small trees of 5-20 cm DBH flowered for five 
species (E. camaldulensis, E. leucoxylon, E. macrorhyncha, E. microcarpa and E. 
tricarpa ).  A greater percentage of trees in size - classes of >40 cm DBH flowered 
than for small trees of >20 - 40 cm for four species (E. camaldulensis, E. 
macrorhyncha, E. melliodora and E. microcarpa). All marked trees >40 cm DBH 
flowered in 1998 for five species (E. leucoxylon, E. melliodora, E. microcarpa E. 
polyanthemos and E. tricarpa). In comparison, trees in size-class 5-20 cm DBH 
never had 100% of trees flowering (Table 6.2).   
 
In 1999, significantly fewer very small trees 5-20 cm flowered than for all other size 
- classes, for all but E. leucoxylon (Table 6.2). Also in that year, a significantly 
greater percentage of trees >40 cm DBH flowered than for trees ≤40 cm for three 
species (E. camaldulensis, E. melliodora and E. tricarpa) (Table 6.2).  
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Table 6.2: Percentages of trees that flowered in each size - class in each of three 
years.  Results are also given for χ2 analyses of differences between size-classes in 
the percentage of trees flowering. * p < 0.05, ** p < 0.01, *** p < 0.001. 
 
 Tree size  class (cm DBH) χ2  
Species Year  5 - 20 
 
>20- 40 >40 - 60 >60- 80  80+  
E. camaldulensis 1998 16.5 56.3 69.7 65.2 71.3 31.5***
 1999   6.3 37.5 54.5 60.9 72.7 30.6***
E. leucoxylon 1998 50.0   100   100   100  19.1***
 1999 83.3 90.9   100   100     1.79
E. macrorhyncha 1997 43.8 67.6 63.6   4.41
 1998 18.8 23.5 63.7    8.60*
 1999 18.8 61.8 66.7    18.0***
E. melliodora 1997  6.7  9.1 14.8 32.0 7.1    2.56
 1998 86.7 90.9   100   100   100 8.31
 1999  6.7 42.4 40.7 48.0 57.1 20.4**
E. microcarpa 1997 13.9 17.7 32.1 13.0  4.16
 1998 61.4) 94.1   100   100    31.2***
 1999 19.4 23.5 53.6 73.9    25.2***
E. polyanthemos 1997 30.8 38.9 44.4   0.88
 1998 69.2 88.9 100   5.82
 1999 38.5 77.8 77.8     8.34*
E. tricarpa 1997 0 0    3.03 0 8.7 
 1998 83.8    100   100   100   100  15.6**
 1999   3.2 16.2 33.3 21.4 39.1    9.43**
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Flowering duration 
For mean flowering duration (Dadj), there was a significant size - class effect for four 
species (E. leucoxylon, E. melliodora, E. microcarpa and E. tricarpa), a significant 
year effect for three species (E. macrorhyncha, E. melliodora and E. microcarpa), 
and significant interaction terms of year and site for four species (E. camaldulensis, 
E. melliodora, E. microcarpa, and E. polyanthemos) (Table 6.3).   
 
For the species where there was a year effect, E. macrorhyncha, E. melliodora and E. 
microcarpa, one-way ANOVA was used to further examine the variation between 
size - classes for each year. There were significant differences between size - classes 
in mean duration of flowering in 1998 only for two species (p<0.01: E. melliodora F 
= 3.53; E. microcarpa F = 5.36).  Post hoc tests showed that very small trees 5 - 20 
cm flowered for a significantly shorter duration than 80+ cm trees (E. melliodora) 
and >40 cm trees (E. microcarpa) (Tukeys h.s.d. test).  For E. macrorhyncha, one-
way ANOVA did not reveal significant differences between size - classes in duration 
of flowering in any year.   
 
For the species where separate analyses were undertaken for one year’s data (see 
Methods), there were no significant differences between size - classes for mean 
flowering duration (Two way ANOVA, <40 cm and ≥40 cm; E. melliodora 1997, F 
= 0. 43; E. microcarpa 1997, F = 0.10; E. tricarpa 1999, F = 0.30; p > 0.05, results 
given for effect of size - class only).    
 
In 1997, the mean duration of flowering was relatively low for all size - classes for 
all species, and ranged from just 18.5 to 35 days (Fig. 6.2).  In contrast, in 1998 there 
was variation in mean duration of flowering, ranging from 24-158 days across 
species.  In that year, trees in size - classes >40 cm DBH always had a greater mean 
flowering duration than trees ≤40 cm (with the exception that trees of  >20-40 cm 
flowered for a greater duration than those of >40-60 cm for E. camaldulensis) (Fig. 
6.2).  In 1999, again the trends were similar to 1998 with trees of ≤40 cm generally 
flowering for a shorter duration than trees of >40 cm DBH (Fig. 6.2).  
Table 6.3: Results from an analysis of variance of the effects of year, size - class and site, on mean flowering duration (Dadj)(log10 transformed) of trees 
for seven Eucalyptus species.  Significant values shown in bold.  Note: # Comparison between size - classes <40 and >40 only. ^ Comparison between 1998 
and 1999 only. ⊗ Analysis for 1998 only. Three-way analysis of variance were performed for all species except E. tricarpa, for which two-way analysis was 
carried out.  See Methods for explanation.   
 
 
Species 
 
 
E. camaldulensis#^ 
 
E. leucoxylon^ 
 
E. macrorhyncha 
 
E. melliodora^ 
 
E. microcarpa^ 
 
E. polyanthemos 
 
E. tricarpa⊗ 
Factor  F p F p F p F p F p F p F p 
Year     
    
       
           
      
     
               
2.45 0.09 0.11 0.80 3.08 0.05 25.9 0.00 36.5 0.00 4.71 0.09
Size - class 0.33 0.56 7.54 0.00 1.99 0.14 4.67 0.01 3.22 0.03 5.42 0.07 11.3 0.00 
Site 1.90 0.11 4.12 0.37 1.20 0.31 0.22 0.81 0.55 0.58 1.10 0.43 3.39 0.04 
Year*Size-class 0.45 0.51 1.51 0.38 0.36 0.84 1.75 0.19 0.31 0.82 1.00 0.45
Year*Site 5.55 0.00 0.38 0.61 4.94 0.06 8.23 0.00 8.35 0.00 4.80 0.03 
Size-class*Site 0.26 0.77 1.97 0.30 0.54 0.71 6.89 0.18 1.79 0.11 0.27 0.89 2.41 0.02 
Year*Size-class*Site 0.03 0.96 0.83 0.49 0.64 0.70 0.15 0.99 0.59 0.71 1.70 0.11
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Figure 6.2:  Comparison in mean flowering duration (Dadj) 
between size - classes of trees for seven Eucalyptus species in each 
of three years. 1 E. camaldulensis, 2 E. leucoxylon, 3 E. 
macrorhyncha, 4 E. melliodora, 5 E. microcarpa, 6 E. polyanthemos, 
7 E. tricarpa.  Size - classes are based upon diameter at breast height 
(cm DBH).  Some size - classes are not represented for some species 
(see Methods). For calculation of (Dadj) see Methods, Chapter 3. 
Error bars represent one standard error. 
1997 
1998
1999 
Species 
Size - class (DBH)
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Flowering intensity 
There was a significant effect of size - class on mean flowering intensity for all seven 
species (Table 6.4).  Post hoc tests showed that trees in each size - class >40 cm 
DBH flowered significantly more intensely than trees of 5 - 20 cm DBH for all 
species.  Trees of 20 - 40 cm DBH flowered significantly less intensely than trees of 
larger size - classes for six species (except E. tricarpa) (Tukeys test).  There was a 
significant year effect on mean flowering intensity for E. leucoxylon, E. microcarpa 
and E. polyanthemos, and a significant site effect for E. camaldulensis (Table 6.4). 
There were significant interaction terms of year and site for E. macrorhyncha and E. 
microcarpa (Table 6.4).   
 
For three species for which separate analyses was undertaken for one year only (see 
Methods), there were no significant differences between size - classes in mean 
flowering intensity (p > 0.05, Two way ANOVA, <40 cm and ≥40 cm; E. melliodora 
1997, F = 0.15; E. microcarpa 1997, F = 0.51; E. tricarpa 1999, F = 0.37; results 
given for effect of size - class only).    
 
The trends in differences between size - classes in the intensity of flowering differed 
between years.  In 1997, all size - classes of all species had relatively low intensity of 
flowering, and the differences between size - classes were less marked than in 1998 
and 1999 (Fig. 6.3).   
 
 
                    
 
 
 
Table 6.4: Analysis of variance results for source of variation; year, size - class and site, on mean flowering intensity (I) (square root 
transformed) of trees for seven Eucalyptus species.  Significant values shown in bold.  Note: # Comparison between size - classes <40 and >40 
only. ^ Comparison between 1998 and 1999 only. ⊗ Analysis for 1998 only. See Statistical Analysis.  Three-way analysis of variance was performed 
for all species except E. tricarpa, for which two-way analysis was carried out.  
 
 
Species 
 
 
E. camaldulensis# 
 
E. leucoxylon 
 
E. macrorhyncha 
 
E. melliodora^ 
 
E. microcarpa^ 
 
E. polyanthemos 
 
E. tricarpa⊗ 
Factor  F p F p F p F p F p F p F p 
Year        
             
               
          
               
               
1.36 0.25 8.76 0.02 0.52 0.63 2.91 0.21 5.48 0.02 19.9 0.01 
Size - class 5.35 0.02 28.2 0.01 4.69 0.05 7.90 0.00 7.73 0.00 13.3 0.02 16.5 0.00 
Site 2.94 0.06 0.39 0.81 0.31 0.76 1.00 0.49 0.36 0.70 0.99 0.43 0.31 0.74
Year*Size 0.24 0.63 0.48 0.72 0.38 0.92 0.77 0.57 0.20 0.89 1.72 0.24
Year*Site 2.02 0.14 0.02 0.90 5.70 0.02 4.11 0.06 7.92 0.00 2.72 0.09
Class*Site 0.55 0.58 0.31 0.82 1.63 0.27 1.28 0.42 1.91 0.08 2.28 0.14 0.53 0.40
Year*Size*Site 0.29 0.75 1.90 0.14 0.46 0.83 0.55 0.76 0.41 0.85 0.62 0.74
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Figure 6.3:  Comparison in flowering intensity (I) between size - classes of 
trees in each of three years.  1 E. camaldulensis, 2 E. leucoxylon, 3 E. 
macrorhyncha, 4 E. melliodora, 5 E. microcarpa, 6 E. polyanthemos, 7 E. 
tricarpa.  For calculation of (I) see Methods Chapter 3. Error bars represent one 
standard error. 
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The generally greater intensity of flowering of larger trees was further evidenced by 
the percentage of trees that had a maximum flower cover of < 10%  in 1998 (Table 
6.5).  For all species, a markedly greater percentage of small trees (<40 cm DBH) 
had a flower cover of <10% compared with large trees (>40 cm DBH) (Table 6.6). 
(Note that size - classes were combined into two groups, <40 cm and >40cm DBH, 
for ease of interpretation).    
 
Larger sized trees had a much greater percentage of trees that had a maximum flower 
cover of >50% compared with smaller trees in 1998 (Table 6.5).  Additionally, larger 
trees always had the greatest maximum value recorded for flower cover (Table 6.5)  
 
Table 6.5: Comparison of the abundance of flowers on tree canopies (% of foliage 
covered in flowers) between small trees of <40 cm DBH and large trees of >40 cm 
DBH.  Values are the percentage of trees that had a maximum flower cover of 
<10%, and those that had a flower cover of >50%, in 1998, and the maximum flower 
cover score for any tree in each size - class.  Only those trees that flowered are included 
in analyses.  
 
  Flower cover 
Species Size - class <10% >50% Maximum flower 
- cover score 
E. camaldulensis  small 65.2 0 3.5 
 large 23.6 3.6 7 
E. leucoxylon  small 52.9 0 2.5 
 large 9.1 0 4.5 
E. macrorhyncha  small 83.8 0 2 
 large 76.2 0 3.5 
E. melliodora  small 5.4 17.9 6.5 
 large 0 54.5 8 
E. microcarpa  small 38.9 0 4 
 large 23.5 2.0 5.5 
E. polyanthemos  small 34.6 0 4.5 
 large 0 7.4 5 
E. tricarpa  small 15.9 3.2 5.5 
 large 0 11.9 5.5 
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Floral resource abundance  
 
Floral resource abundance per tree  
Floral resource abundance per tree was measured as canopy area (πr2) x mean 
relative intensity.  This measure takes into account variation in canopy size for 
different trees.  Analyses were undertaken only for 1998, a year in which all species 
flowered strongly.  There were highly significant differences between size - classes 
in mean floral resource abundance per tree (one-way ANOVA; p < 0.01; Table 6.6).  
Post Hoc tests revealed that for all seven species, very small trees (5-20 cm DBH) 
had less flower abundance per tree than larger trees (>40 cm DBH).  Also, small 
trees (>20 - 40 cm) had significantly lower resource abundance per tree larger trees 
(>40 cm DBH) for five species (E. camaldulensis, E. leucoxylon, E. melliodora, E. 
microcarpa and E. tricarpa) (Tukeys post hoc test). 
 
Floral resource abundance per tree increased greatly with increasing size - class, so 
that it was necessary to use a logarithmic scale to compare between size - classes 
(Fig. 6.4).  For example, E. leucoxylon trees had resource abundance values, in order 
of increasing size - class, of 21.2, 173.2, 502.3 and 910.3.  This represents a 45 fold 
increase from the smallest to largest size - classes in floral resource abundance per 
tree.  Similarly, for E. tricarpa, the values were, in increasing order of size - class, 
42.1, 279.1, 609.4, 893.5 and 1147.3, a 27-fold difference between smallest and 
largest tree size - classes.  These differences strongly reflect the increasing size of the 
tree canopy with increase in trunk diameter.   
 
 
Table 6.6: One-way ANOVA results for 
differences between size - classes of trees for floral 
resource abundance per tree for seven Eucalyptus 
species. See methods for calculation of floral 
resource abundance. 
 
Species  F                  p 
E. camaldulensis    24.5             0.000 
E. leucoxylon    37.7             0.000 
E. macrorhyncha    6.70            0.004 
E. melliodora    56.3            0.000 
E. microcarpa    41.3            0.000 
E. polyanthemos    31.6            0.000 
E. tricarpa    69.9            0.000 
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Figure 6.4:  Comparison of floral resource abundance per tree (TA) between size 
- classes of trees for seven Eucalyptus species. 1 E. camaldulensis, 2 E. leucoxylon, 3 
E. macrorhyncha, 4 E. melliodora, 5 E. microcarpa, 6 E. polyanthemos, 7. E. tricarpa.  
Note logarithmic scale. Resource abundance index per tree was calculated as canopy 
area x mean relative intensity index (see Methods for details). 
Species 
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Floral resource abundance per forest stand 
For the 1998 season, a quantitative estimate was made of the relative abundance of 
floral resources for hypothetical stands of trees of the same size - class (e.g. trees of 
20-40 cm, 40 - 60 cm).  This was calculated for each size - class as: [mean intensity 
of flowering x proportions of trees flowering] x [canopy area / nearest neighbour 
distance].   
 
For all species, floral resource abundance per hypothetical stand increased with 
increasing tree size - class (Fig. 6.5, note logarithmic scale).  Forest stands 
comprising trees of each size - class >40 cm DBH were estimated to have many 
times the floral resources than those of trees of <40 cm DBH.  Floral resources for a 
hypothetical forest stand of E. camaldulensis trees >40 cm would have over 11 times 
the floral resources of a stand of small trees of >20-40 cm DBH.  For the other 
species, the differences were 2.4 times for E. leucoxylon, 6.5 times for E. 
macrorhyncha, 4.8 times for E. melliodora, 3.3 times for E. microcarpa, 3.2 times 
for E. polyanthemos and 3.0 times for E. tricarpa.  For stands of very small trees the 
differences between size -classes were even greater (e.g. 40 times for E. leucoxylon 
and 13 times for E. tricarpa).   
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Figure 6.5: Comparison of floral resource abundance (SA) between hypothetical 
forests stands comprising different size - classes of trees, for seven Eucalyptus 
species in 1998. 1 E. camaldulensis, 2 E. leucoxylon, 3 E. macrorhyncha, 4 E. 
melliodora, 5 E. microcarpa, 6 E. polyanthemos, 7 E. tricarpa. Note logarithmic scale.  
See Methods for calculation of SA.  
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Floral resource abundance at each sample date 
Floral resource abundance for trees of different size - classes at each sample date 
(DA) was calculated as the mean intensity of flowering multiplied by the proportion 
of trees flowering on a particular sample date. This measure is intended to portray the 
temporal variation in mean relative abundance of floral resources for trees of each 
size - class per unit area of canopy foliage (i.e. independent of canopy area size).   
 
There were clear differences between size - classes in the abundance of floral 
resources provided at each sample date in 1998, with values generally increasing 
with increasing size - class (Fig. 6.6).  For all seven species, very small trees of 5-20 
cm DBH always had the lowest resource abundance at each sample date (except that 
trees of 5-20 cm were greater than trees of >20-40 cm on 8 May for E. tricarpa) (Fig. 
6.6).  Small trees of 20 - 40 cm DBH always had lower mean abundance of floral 
resources at each sample date than larger trees of >40 cm DBH (except for E. 
leucoxylon trees from 11 August to 9 January; E. melliodora trees on 19 November 
and E. tricarpa on 29 September) (Fig. 6.6).   
 
The differences between size - classes in floral resource abundance at each sample 
date were a result of both a greater intensity of flowering and a greater percentage of 
trees flowering for larger trees compared with smaller trees.  For example, on August 
11 1998, very small E. tricarpa trees had a mean index of flowering intensity of 3.1 
and 52% of trees were flowering. In comparison, on the same date very large trees 
had a mean index of 5.8 and 100% of trees were flowering.  For all species, only 
larger size - classes of trees (>40cm DBH) had 100% of trees flowering on any 
sample date.  
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Figure 6.6: Comparison of mean floral resource abundance between 
size - classes of trees at each sample date during the flowering season 
for  seven Eucalyptus spp. in 1998.  Floral resource abundance for each 
size - class was calculated as mean flowering intensity x proportion of 
trees flowering. See Methods for details. Note that scales differ for each 
species for ease of interpretation.  
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Discussion 
 
This study has revealed large variations between size - classes of trees in flowering 
phenology displayed by seven Eucalyptus species in a Box-Ironbark forest. There 
were many significant differences between size-classes; in the frequency of 
flowering (Table 6.2; Fig. 6.1), percentages of trees flowering (Table 6.3), mean 
flowering duration (Table 6.4; Fig. 6.2), intensity of flowering (Table 6.5; Fig. 6.3) 
and floral resource abundance of trees (TA), (hypothetical) forest stands (SA) and at 
each sample date (DA) (Table 6.6; Figs 6.4, 6.5 & 6.6).   
 
The general trend evident for all seven species was for values to increase with 
increasing size - class.  Generally, trees in size - classes >40 cm flowered more 
frequently, for a greater duration, more intensely and had greater indices of floral 
resource abundance than trees < 40 cm DBH.  
Frequency of flowering  
For all species, the frequency of flowering varied between size - classes such that, 
generally, larger trees (>40 cm DBH) were significantly more likely to flower for 
two or three years and smaller trees were more likely to flower for zero or one year.   
Only very small trees of 5 - 20 cm and small trees of 20 - 40 cm DBH did not flower 
in any of the three years (except for E. camaldulensis when as no marked trees 
flowered in 
 1997).   
 
Variation between different sized trees in flowering intensity has been found in other 
studies. Flower buds are initiated more frequently on dominant E. maculata trees 
than on smaller trees (Pook et al. 1997). For several species of eucalypts, large 
eucalypt trees (>40 cm DBH) flowered more frequently than smaller trees (see Table 
1.1 for eucalypt species in Law et al. 2000 study).  There are few data on variation in 
the frequency of flowering between different sized trees. Studies that report some 
measure of the frequency of flowering relate this to the number of flowering events 
in a number of years and do not provide a measure of frequency for individual trees 
or size classes of trees (e.g. Porter 1978; Ashton 1975a; Keatley 1999).   
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The duration and intensity of flowering was greater for larger trees than smaller 
trees. These two flowering events are highly correlated (Chapter 5).  Large trees have 
a greater abundance of flowers because they initiate more buds, retain more buds to 
maturity than smaller trees (Jacobs 1955; Ashton 1975a; Pryor 1976; Goldingay 
1990; Yates et al. 1994; Pook et al.1997 c.f. Griffin 1980; Law et al. 2000).  For 
example, mature E. regnans forest stands produced 2.5 to 15 times as many flowers 
as stands of smaller trees (Ashton 1975a).   
 
Large trees are advantaged in terms of reproduction because of the greater abundance 
of flowers. Plants that flower for a longer duration, and more intensely, will be more 
likely to contribute to the effective population and potentially will have larger seed 
set (Bawa 1983).  This has been shown for eucalypts, as large eucalypt trees often 
contribute to the majority of a stands’ seeds (Jacobs 1955).    
 
There have been few other studies that reported some measure of the duration of 
flowering of different-sized Eucalyptus trees (but see Griffin 1980; Law et al. 2000). 
The small tree in Griffin’s (1980) study flowered for the least duration.  Griffin 
(1980) and Law et al. (2000) suggested that there are no differences between 
different size - classes of eucalypt trees in mean intensity or duration of flowering, 
but in those studies small sample sizes may not have accounted for natural variation 
among individuals.   
Floral resource abundance  
 
There was a significantly greater abundance of floral resources per tree (TA) for 
large trees (>40 cm DBH) compared with smaller trees (<40 cm DBH).  This result, 
in part, reflects the positive association between canopy size and tree size.  Figure 6.7 
illustrates the way in which a large tree with a greater canopy size has a greater 
number of flowers than a small tree even though they have the same flower-cover 
score.  When the greater intensity of flowering of large trees as found in this study, is 
also included, this further increases the differences between small and large trees in 
floral resource abundance (Fig. 6.7).    
 
      a) large tree                     b) small tree 
  
 182
 
 
         
 
 
 
     12 ‘flowers’   3 ‘flowers’ 
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Figure 6.7: An illustration of the greater abundance of flowers on a large tree 
compared with a small tree; a) with the same flowering intensity score, and b) with 
different intensity scores.  This demonstrates the difference between large and small trees 
in flower abundance when a greater intensity of flowering is combined with a larger canopy 
area. Large circles represent trees, small circles represent flowers.  Note that, on average, 
larger trees have a canopy area approximately 6 - 14 times that of small trees. 
 
 
 
Large trees offer larger flower displays because their canopies are larger than smaller 
trees and they have more flowers.  Honeyeaters and other species more frequently 
visit and forage for a greater duration in these displays (for Honeyeaters see Paton 
1982; and for other nectarivores see Heinrich 1979).    
 
Large displays may be preferred by nectarivores not only because they offer more 
flowers, but also more flowers per unit area (intensity of flowering).  Less distance 
between food items results in less energy expenditure and fauna may preferentially 
seek areas of high densities of food (Heinrich and Raven 1972).  Different species of 
birds will view the density of resources in different ways, largely dependent on their 
size and therefore energy requirements (Paton 1986).  For example, Red Wattlebirds 
on Kangaroo Island, South Australia, defended feeding territories of large and 
densely flowering E. cosmophyla trees, and smaller honeyeaters defended areas 
where the trees were spindly and scattered and where Red Wattlebirds were absent 
(Ford and Paton 1982).  
 
The intensity score can be interpreted as a reflection of the distance between food 
items for nectarivores.  Larger trees had a greater abundance of flowers per unit area 
of canopy compared to smaller trees, which offered a resource that was more widely-
spaced, both on the tree and between trees in a stand. Therefore, birds would spend 
less energy feeding on a large tree than a small tree, and within a stand of large trees 
compared to a stand of smaller trees.  The extra energy required for feeding on small 
trees may explain why Swift Parrots preferentially feed in large trees in the Box-
Ironbark region (Kennedy 1998).  
 
Thus far, comparisons between size - classes in flowering phenology have been at 
the tree level, but it is also important to compare floral resource abundance between 
stands of trees of the same size class.  Theoretically, a stand of many, closely - 
spaced, small trees could have a similar or higher abundance of floral resources than 
a stand of widely - spaced, large trees even if the large trees have a greater mean 
intensity of flowering (Fig. 6.8). Comparisons of floral resource abundance at the 
level of stands will be influenced by the spacing patterns of trees.  In this study, a 
simple index of the abundance of floral resources per forest stand (SA) was 
developed that considered the spacing between trees and the size of tree canopies.    
     
   a) a stand of small trees          b). a stand of large trees 
 
 
 
 
 
 
  20 ‘flowers’          20 ‘flowers’ 
 
Figure 6.8:  Diagrams to illustrate that theoretically stands of a) small and b) large 
trees can have the same abundance of floral resources when differences between size - 
classes in canopy size and spacing of trees is considered. Large circles represent trees, 
small circles represent flowers and the black line represents the distance between trees.   
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When spacing patterns and canopy size were incorporated into the index, larger trees 
had many times the resources per forest stand than smaller trees (Fig. 6.8). Smaller 
trees were two to three times closer to nearest neighbours than were larger trees, but 
the mean canopy area of large trees was approximately 6-14 times greater than for 
smaller trees.  The proportion of trees flowering and intensity of flowering were also 
included in the index. A greater proportion of large trees flowered, and flowered 
intensely compared with smaller trees, and this also influenced the differences 
between size classes in floral resource abundance per stand.   
 
A limitation of the study is that the spacing between marked trees is a result of 
decades of timber extraction and disturbance and the spacing of ‘natural’ forest 
stands of small and large trees is not known.   The estimates of floral resource 
abundance per stand may be biased (lower) for smaller trees because the distance 
between smaller trees may be greater in this study, and distances between large trees 
less, than may occur naturally (e.g. a small tree adjacent to a small tree is likely to be 
closer than a small tree next to a large tree, but in this study small and large trees 
were often nearest neighbours).  
 
Floral resources of larger size - classes of trees (> 40 cm DBH) were more abundant 
at each sample date than those of smaller size - classes of trees (Fig. 6.6).    This 
index of floral resource abundance was measured as the mean flowering intensity x 
proportion of trees flowering in each size - class.  Larger size - classes of trees 
(>40cm DBH) provide a greater abundance of floral resources per unit area of foliage 
at each sample date because they flower more intensely and in greater proportions 
than smaller trees throughout each species flowering season.   Therefore, larger trees 
not only provide a greater spatially abundant resource but one that is more abundant 
over a flowering season than smaller trees. 
Why is there a difference between size - classes in flowering 
phenology? 
 
Larger trees are likely to flower more frequently, for a greater duration and more 
intensely than smaller trees for two main reasons.  Firstly, large trees are likely to 
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have more resources (water, nutrients and photsynthates) available for all plant 
functions, including reproduction.  Secondly, smaller trees may allocate relatively 
more resources to vegetative growth than reproduction compared with larger trees.   
 
Larger trees can intercept more water before it reaches the ground than can small 
trees thus potentially increasing the amount of water that reaches the root system.  
More water is intercepted because large trees have a greater potential for stem flow 
and generally have larger canopy areas and greater foliage cover which results in 
increased tree-drip (Gersper 1971; Keith pers. comm. 2000).  Tree drip contains 
nutrients washed from leaves and bark, and this can contribute significant amounts of 
nutrients to the soil (Gersper 1971).  More of this nutrient- enriched water can 
potentially be captured by larger trees because they have a greater root - mass and 
can better compete for water than smaller trees (Raison and Khanna 1982).    
 
When the nutrient-enriched water has reached the ground, litter helps to retain 
moisture in the soil (Rennie 1955; Attiwill 1980).  The litter layer is generally deeper 
and more extensive under larger trees compared with smaller trees (Raison 1982; 
Pook et al. 1997; Chapter 5).  A deeper litter layer enhances soil health because 
invertebrate taxa are more abundant and diverse in habitats with accumulated organic 
matter (Majer et al. 1997; Postle et al. 1991).  Thus, a deeper litter layer increases 
nutrient return (Raison and Khanna1982).   
 
Smaller trees may allocate a relatively greater proportion of available resources to  
vegetative growth, and fewer to reproduction, compared with larger trees. 
Reproduction represents a trade - off with, and generally requires more resources 
than, vegetative growth (Law 1979; Evenson 1983; Pook 1984).  Smaller trees, with 
limited resources available for plant functions, may benefit from allocating the 
majority of resources to vegetative growth until they become large, established trees.  
In long-lived species, such as eucalypts, there may be no benefit in allocating limited 
resources to reproduction in the early stages of life, when this can be achieved 
several times over a lifetime.   In contrast, large, dominant trees may need to allocate 
relatively fewer resources to vegetative growth as they have few, if any, competitors 
for light and space.  
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Large trees are likely to have more resources available to allocate to all plant 
functions, including reproduction, than small trees. A key factor in resource 
availability to individual plants is the capacity of a tree to capture and retain 
moisture, and this is better achieved by large trees compared with smaller trees 
(Attiwill 1980; Jayasuriya et al. 1993; Keith 2000 pers. comm).   
Chapter 7 
Spatial variation in flowering phenology of Red 
Ironbark Eucalyptus  tricarpa across the 
Victorian Box-Ironbark region. 
 
 
Introduction 
 
In order to understand community organisation, ecologists are paying increasing 
attention to the effects of spatial and temporal heterogeneity, or patchiness, upon 
species composition and biotic interactions (eg Linhart et al. 1987; McGoldrick 
1998; Lee 2002).  This is because different phenomena emerge at different spatio-
temporal scales of resolution (Hengveld 1987; Wiens 1989).  Studies at a single scale 
may result in unjustified generalisations about a system because species may interact 
at a different scale than studied (Wiens et al. 1987).   
 
The temporal and spatial availability of various kinds of food has an important 
influence on the structure and dynamics of communities (Lack 1954; Newton 1980; 
Wiens 1989).  For blossom-feeding birds, the primary food resource is often nectar.  
Nectar availability can display variation in space because flowering patterns are 
heterogeneous over large spatial scales (Keast 1968), and also displays temporal 
heterogeneity, from diurnal to seasonal changes, due to exploitation by nectarivores 
and changes in flowering phenology (Wiens 1989).  Little attention has been given to 
measuring nectar resources at several spatio-temporal scales (Wiens 1989; and e.g. 
Table 1.1).  Woinarski et al. (2000) created monthly maps of nectar availability for 
the Northern Territory, Australia.  The maps revealed complex spatial and temporal 
variation in nectar availability (Woinarski et al. 2000).  
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The temporal and spatial patchiness of nectar resources, as well as the lack of studies 
that measure the resource at several levels, has contributed to the contentiousness of 
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the issue as to whether the distribution of nectar-feeding birds in Australia (usually 
honeyeaters) results from their movements to track floral resources (Ford and Paton 
1976; Ford 1983; McFarland 1986; MacNally and McGoldrick 1997) or whether 
other factors contribute to the observed distributions (Pyke 1983, 1985; Pyke and 
Recher 1988).  These different points of view may be due to mismatches between the 
scale of studies and the ways in which species view the resource.  A better 
understanding of the movements of blossom-feeders would occur if the scales over 
which the nectar-resource is heterogeneous are defined.   
 
There is a general contention that flowering in Eucalyptus species is spatially and 
temporally heterogeneous (Pryor 1976; Cremer et al. 1978; Law et al. 2000; 
Chapters 2 & 3) but there has been little quantification of this heterogeneity at 
different spatial and temporal scales.  Variation in Eucalyptus flower abundance has 
previously been documented among branches on a tree (Griffin 1980); between 
individual trees (Florence 1964; Griffin 1980; Chapter 4), and between stands of 
trees (Florence 1964; Ashton 1975a; Chapter 4).   
 
Blossom-feeding birds within the Box-Ironbark region display dynamic movements 
(MacNally and McGoldrick 1997;  ECC 1997). In particular, it is during the 
flowering seasons of E. tricarpa and E. leucoxylon in winter-spring that densities of 
blossom-feeding birds increase dramatically (≅ 21 individuals ha-1) (MacNally and 
McGoldrick 1997).   At other times, a lower density and diversity of nectarivores 
remain, mostly comprising generalist honeyeater species that also consume 
invertebrates when nectar is unavailable (Bennett pers. comm. 2001).  E. tricarpa 
flowers during the cooler months (Chapter 2) when few other widespread Eucalyptus 
species in Victoria are in flower, and other food resources such as insects are less 
abundant. This species is characteristic of the dry Box-Ironbark region of central 
Victoria, and is a major component of forests in this region.  
 
The aim of this chapter is to document temporal and spatial variation in floral 
resources of  E. tricarpa by examining the percentage of trees in flower, flower cover 
on trees and nectar volumes of flowers at several spatial and temporal scales. The 
intention of sampling across multiple spatial scales was to quantify variation in the 
nectar resource as would be encountered by nectarivores.   
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The structure of this chapter is that first, the distribution of flowering trees of E. 
tricarpa was examined at the scale of the regional distribution of this species to 
determine whether flowering patterns of E. tricarpa were uniform across the 
Victorian Box-Ironbark region.  This part of the study entailed sampling trees in 
forest stands in four of the largest remaining forest blocks; St. Arnaud, Dunolly, 
Bendigo and Rushworth across a geographical distance of approximately 200 km 
from west to east.  This provided an overview of the distribution of flowering trees 
across the region within one year (1998).   
 
Second, a temporal element was added to the study by sampling the flower cover of 
trees in one forest block at the peak of flowering of E. tricarpa in each of three 
years. Additionally, a spatial element was added to this part of the study - the 
percentage of trees in flower in geographic regions within the forest block. This 
spatial aspect was examined because it was noted that flowering trees were 
distributed patchily throughout the forest block. 
 
Third, the actual resource, nectar, was sampled to determine whether birds encounter 
a patchy distribution of nectar. Nectar volumes were sampled in flowers to determine 
the heterogeneity of this resource at several spatial scales.  Additionally, sampling 
was carried out on three occasions within one E. tricarpa flowering season to 
examine whether nectar volumes display temporal heterogeneity.  
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Methods and study area 
Study area 
The study was carried out in the Box-Ironbark region of central Victoria, in four 
major forest blocks.  These were, from west to east, St. Arnaud State Forest (1430 15′ 
360 40′), Dunolly State Forest (1430 45′ 360 45′), Wellsford State Forest (Bendigo) 
(1440 25′ 360 42′) and Rushworth Forest (1440 55′ 360 45′) (These areas are hereafter 
referred to as St. Arnaud, Dunolly, Bendigo and Rushworth) (Fig. 7.1).  These forest 
blocks encompass much of the geographic range of E. tricarpa in the Box-Ironbark 
region. Typically, all forests occur on gently undulating rises to low hills on shallow 
stony soils that have low fertility and poor water-holding capacity (ECC 1997).   (See 
Chapter 1 for a description of the Box-Ironbark region).  
 
Rainfall is variable between months, between years and between areas (Bureau of 
Meteorology 2000).  On average, rainfall is lower and temperatures are higher in the 
west compared to the east (ECC 1997).  A comparison between monthly rainfall in a 
town central to the western forests (Maryborough) and a town central to the eastern 
forests (Heathcote) (see Fig. 7.1) exemplifies the variability in rainfall each month 
and each year (Fig. 7.2). General rainfall patterns are similar in each town, in that a 
month of below- or above- average rainfall often occurs in both towns, but there are 
exceptions in some years (e.g. December 1996, January 1998) (Fig. 7.2).  
Additionally, the western town does not always experience lower rainfall per month 
than the eastern town (e.g. January 1997, February 1999) (Fig. 7.2).  
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Figure 7.2: Comparison between western (Maryborough) and eastern (Heathcote) forest areas in monthly rainfall in each of four years.  
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Study species 
 
The distribution of E. tricarpa is largely confined to the Box-Ironbark region, 
although it also occurs in scattered locations south of the Great Dividing Range 
(Costermans 1994).  E. tricarpa is a forest/woodland tree that grows up to 30 metres 
in height, and often occurs in single-species stands.  It has distinctive dark to black 
furrowed bark. Until recently, E. tricarpa was considered a subspecies of E. 
sideroxylon (Mugga Ironbark) (see Bramwells and Whiffin 1984).  
1.  Regional study 
The flowering status of E. tricarpa trees was recorded along replicate transects in 
each of four forest blocks; St. Arnaud, Dunolly, Bendigo and Rushworth, in January, 
April, June, September and December, 1998.  Forest blocks were sampled from west 
to east on consecutive days in each month.  In each forest block, stands of trees 
dominated by E. tricarpa were first mapped by driving along main forest roads.   
 
As there were more stands dominated by E. tricarpa than were to be selected for 
sampling, each forest block was divided into geographic areas of equal size; two 
geographic areas for St. Arnaud, Dunolly and Bendigo and four geographic areas for 
Rushworth.  Five stands were randomly selected from each mapped area (i.e. 10 
stands in each of St. Arnaud, Dunolly and Bendigo forest blocks, and 20 stands in 
Rushworth).  The forests were divided into geographic areas to ensure that the entire 
forest area was sampled because large areas of forest may have been missed by 
random selection of stands.  Selected stands were at least 1 km apart.   
 
Within each stand, the starting point of a 400 m transect was randomly selected on 
each sampling occasion. Thus, while the same forest stands were sampled in each 
month, the position of transects varied. This was because it was not thought feasible 
to mark transects because of likely vandalism, and it would not be practical to mark 
the length of all transects.  Consequently, ‘forest stand’ is used to describe the 
sampling area. Each transect was surveyed by walking along a compass bearing 
approximately perpendicular to the road, and the size - class and flower cover of all 
E. tricarpa trees within 5 m on either side of the transect line were recorded.  
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Size - classes of trees were based on diameter at breast height (DBH) and were: very 
small, 5 to < 20 cm; small, 20 - <40 cm; medium, 40 - <60 cm; large, >60 cm.  
Flower cover was a measure of the abundance of flowers, and was estimated in 
relation to the amount of foliage within each canopy that was covered by fresh 
flowers (stamens bright and fluffy).  The categories were: 0 no flowers, 0.1 one to a 
few flowers 0.5 5% flower cover, 1 10% 1.5  15% 2  20% 2.5  25% 3  30% 3.5  35% 4 
40% 4.5 45% 5 50% 5.5 55% 6 60% 6.5 65% 7 70% flower cover.   
2.   Rushworth study 
Flowering of E. tricarpa in one forest block in each of three years.  
E. tricarpa trees were sampled in Rushworth forest block, as described above, at 
around the time of peak flowering in three successive years; July 1997, June 1998 
and July 1999.  The four geographic areas within the forest block were each 
approximately 7000 ha in size and are referred to as; ‘north’, ‘central’, ‘south’ and 
‘south-west’, to reflect the location of the area within the forest.   
3. Nectar study  
Spatial and temporal variation in nectar volumes 
Nectar volume of E. tricarpa flowers was measured by extracting nectar using 
microcapillary tubes calibrated from 1 - 75 µl (1mm equals 1 µl (+ 0.02)) (as 
described in Chapter 2).  The length of the nectar column was measured using 
Vernier calipers (+ 0.5mm) to give a direct measure of nectar volume.  Replicated 
sampling occurred for up to 20 flowers from each of five trees at each of three sites 
in Rushworth Forest, at each of three sample dates in 1998 (i.e. up to 20 flowers per 
tree, 100 flowers per site, 300 flowers per sample and 900 flowers overall).  Sample 
dates were in April, June and September, which reflected early-, mid- and late- 
flowering season for E. tricarpa in 1998. At each sample date, sites were sampled on 
consecutive days.  Sites were approximately 1ha in size and at least 1 km apart, and 
were the same on each sampling occasion, though different trees were sampled on 
each occasion.  
 
A thermometer was kept on the table to measure temperature changes.  Sampling 
began immediately, and one fresh flower with bright stamens was taken from each 
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branch of each tree consecutively, until up to 20 flowers were sampled from each 
tree (branch).   Sampling was completed by approximately 11 am (sampling taking 
between 3 and 4.5 hours).   
Statistical analysis  
1. Regional study  
The number of trees sampled, and percentage of trees flowering at each sample date 
for all forest blocks combined, is reported.   
 
For the four forest blocks, two-way between groups analysis of variance (ANOVA) 
(Underwood 1997; Coakes and Steed 1997) was used to determine whether there was 
a significant effect of sample date and forest block on the mean percentage of trees 
flowering and mean flower cover per forest stand.  Analyses for mean flower cover 
included only those trees that were in flower.  
 
Comparisons between forest stands in the percentage of trees flowering were made 
by using χ2 goodness of fit tests (Coakes and Steed 1997).  Variation between stands 
in mean flower cover was analysed by performing one-way ANOVA (Coakes and 
Steed 1997).   
 
χ2 tests were used to determine whether there were significant differences between 
size - classes in the percentage of trees flowering in each forest block. One-way 
ANOVAs were used to determine any effects of size - class on mean flower cover at 
each sample date.    
2. Rushworth study  
 
For the three-year survey in the Rushworth forest block, a two-way ANOVA was 
used to determine whether there was a significant effect of year and geographic area 
on the mean percentage of trees flowering per forest stand.   χ2 tests were used to 
examine differences between forest stands in the percentage of trees flowering. 
3. Nectar study 
Two-way ANOVA (Underwood 1997) was used to determine whether there was an  
effect of sample date and site (fixed factors) on mean nectar volume. One-way 
ANOVA was used to determine differences between trees in mean nectar volume.  
 
For all ANOVA tests, when there was a significant effect, Tukeys (two-way 
ANOVA) and Tukeys honestly significant difference (one-way ANOVA) were used 
as post hoc tests (Underwood 1997).  Data were log transformed, and percentage data 
were arcsin transformed, where appropriate, to meet assumptions of homogeneity of 
variance associated with ANOVA (Underwood 1997).  
Coefficient of variation for all levels of study  
 
A coefficient of variation (V) was used to compare variation between each level of 
study as:       
V = X /s.d. 
Where X is the mean and s.d. is the standard deviation (Sokal and Rolf 1994).  
Results 
1 Regional study  
 
The flower cover of E. tricarpa trees was assessed along 40 transects, encompassing 
four major forest blocks in the Box-Ironbark region (St. Arnaud, Dunolly, Bendigo 
and Rushworth) in January, April, June, September and December in 1998.  An 
average of 5,501 (s.e. 79.6) trees was assessed on each sampling occasion (E. 
tricarpa trees only).  
 
Flowering of E. tricarpa was recorded in April, June and September only.  A greater 
percentage of trees were flowering in June (49.6% of sampled trees) compared with 
April (11.8%) and September (29.5%).  
 
The number of trees sampled per visit differed between each forest block with, on 
average, more E. tricarpa trees per forest stand in Bendigo and Rushworth than in 
other forests (Table 7.1, note that 20 transects were sampled in Rushworth).  In St. 
 196
 197
Arnaud and Dunolly, forest stands tended to be of mixed species.  In Bendigo, tree 
spacing was wider and more uniform than other forests due to more intensive 
management practices (pers. observ.) (as also evidenced by the relatively small 
standard error for this forest block (Table 7.1)).   
 
 
 
Table 7.1: Number of E. tricarpa trees sampled in each forest block and 
each forest stand, and the minimum and maximum (range) of numbers 
of trees in each stand, for each of four forest blocks in the Victorian 
Box-Ironbark region.  Numbers given are means with standard errors in 
parentheses for forest blocks and forest stands. * Note that this value is for 
20 stands for Rushworth and 10 stands for other forest blocks.  
  
 
Forest block 
     *Forest block                  Forest stands                    
        mean (s.e.)          mean (s.e.)              Range 
 
St. Arnaud 
 
814 (57) 
 
82  (6.5) 
 
36-124 
Dunolly 1295 (70) 93  (11) 81-200 
Bendigo 912 (4.7) 119 (4.9) 35-165 
Rushworth 2471 (146) 130 (7.3) 44-238 
 
 
 
There was a significant effect of sample date, forest block and an interaction effect 
on the mean percentage of trees flowering per forest stand for the months that 
flowering was recorded (Two-way ANOVA, p < 0.05, Table 7.2).  Across all forest 
blocks, significantly more trees flowered per stand in June (mean 50.8%, s.e. 3.1) 
than in either April (mean 15.1%, s.e. 2.4) or September (mean 28.4% s.e. 2.6) 
(Tukeys Post Hoc test) (Fig. 7.3).  A significantly higher mean percentage of trees 
flowered in Bendigo than in other forest blocks (Tukeys Post Hoc test).  St. Arnaud 
consistently had the lowest percentage of trees flowering (Fig. 7.3).  
 
As shown by the significant interaction, there was inconsistency between Bendigo, 
Dunolly and Rushworth in the relative percentage of trees flowering on each sample 
date (Fig. 7.3).  For example, in April and June, Bendigo had the greatest mean 
percentage of trees flowering, but in September, Bendigo had less than Rushworth 
and Dunolly (Fig. 7.3).  St. Arnaud and Dunolly in the west, generally had lower 
mean percentages of trees flowering than the eastern forests, Bendigo and Rushworth 
(Fig. 7.3).   
 
 
Table 7.2:  Results from a two-way analysis of variance of the 
effect of sample date and forest block on the mean 
percentages of E. tricarpa trees flowering per forest stand.  
(Data were Arcsin transformed).  
 
Source of variation % trees flowering 
 
 F p 
Sample date 47.0 0.000 
Forest Block 7.79 0.000 
Sample date x Forest block 2.26 0.042 
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Figure 7.3: Mean percentages of E. tricarpa trees 
flowering in four forest blocks, from west to east across 
the Box-Ironbark region, at each of five sample dates in 
1998.  Values are the mean percentage of trees flowering per 
forest stand.  Error bars are one standard error.  
 
 
 
 
Flower cover was a measure of the percentage of foliage covered in fresh flowers. 
Only those trees that flowered were included in analyses. There was a significant 
effect of sample date and forest block, and a significant interaction term on mean 
flower cover per tree (two-way ANOVA, Table 7.3).  Mean flower cover per tree 
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he interaction term was significant, demonstrating the inconsistency among forest 
locks, relative to each other, in mean flower cover per tree at each sample date.  For 
example, in t in September, 
Bendigo ha lower cover per 
tree general t (Bendigo and 
ushworth) (except Bendigo in September) (Fig. 7.4).  The peak in flower cover 
occurred in June in all forest blocks, and was least in April for all but the Bendigo 
block (Fig. 7. 4). 
 
 
Table 7.3: Results 
was significantly greater in June (mean 1.53, s.e. 0.02) than in April (mean 1.22, s.e. 
0.05) or September (mean cover score 1.18, s.e. 0.03) and was significantly greater at 
Rushworth than at other forest blocks  (Tukeys Post Hoc test).   
 
T
b
 April, Bendigo had the greatest mean flower cover bu
d the least flower cover of all blocks (Fig. 7.4).  Mean f
ly increased from west (St. Arnaud and Dunolly) to eas
R
from a two-way analysis of variance 
o and for ock on ean 
flower cover of E. tricarpa trees per forest stand.  Flower 
cover was a measure of percentage of foliage covered in 
fresh flowers.  
Source of variation Flower cover 
f the effect of sample date est bl  the m
 
 F p 
Sample date 22.5 0.000 
Forest Block 17.6 0.000 
Sample date x Forest block 4.47 0.000 
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Figure 7.4: Mean flower cover of E. tricarpa trees in four 
forest blocks across the Box-Ironbark region, at each of five 
sample dates in 1998.  Values are means of flower cover scores 
per forest stand.  Error bars are one standard error.  
 
 
1.1 Forest stands 
 
There were highly significant differences between forest stands in the percentage of 
trees flowering at each sample date (χ2 tests, p < 0.01; Table 7.4).  For example, in 
April, forest stands in Rushworth had from 0 - 62% of trees flowering (Table 7.4).  
Similarly, in June, forest stands in Bendigo had from 12 - 88% of trees flowering, 
and the range was from 0 - 40% in September for St. Arnaud (Table 7.4).    
 
For most forest stands, the greatest percentage of trees flowered in June (Fig. 7.5).  
However, there were some exceptions: in the St. Arnaud block, one stand had the 
greatest percentage of trees flowering in April and one in September (Fig. 7.5a); for 
the Dunolly block one stand had the greatest percentage of trees flowering in 
September (Fig. 7.5b); in the Bendigo block two stands had the greatest percentage 
of trees flowering in April (Fig. 7.5c), and in the Rushworth block, the greatest 
percentage of trees flowered in April for five stands and in September for three 
stands (Fig. 7.5d).   
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Table 7.4: Mean percentage of E. tricarpa trees flowering per forest stand on each 
sample date when flowering was recorded, and Chi-square (χ2) values for 
differences between forest stands in the percentage of trees flowering.  Values are 
means with standard deviations in parentheses, with range values below. All χ2 values 
were significant at p<0.001. 
                                                               
      April           χ2      June             χ2 September       χ2 
St. Arnaud 16.1 (6.5)       49.9 
   0 - 22          
 
46.7 (13.0)      75.2 
   2 - 64                 
27.5 (12.4)    93.8 
   0 - 40                
Dunolly 16.1 (9.1)       52.0 
   0 - 27     
       
64.1 (22.7)      86.2 
   22 - 60               
33.7 (8.4)      20.8 
   21 - 48               
Bendigo 42.0 (15.1)     97.4 
    1 - 49           
 
74.4 (19.5)      124.4 
   12 - 88              
37.5 (12.6)     94.3 
    1 - 52                
Rushworth 31.4 (20.2)     306 
    0 - 62           
 
61.1 (15.3)       159 
   15 - 86                
46.2 (17.0)      171 
    6 - 70                  
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Figure 7.5: Comparison of the percentage of trees flowering between 
forest stands (numbered) for each sample date in four forest blocks.  
Forest stands were sampled using transects.  
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1.3.2 Forest stands: Flower cover of trees 
There were significant differences between forest stands in mean flower cover; at St. 
Arnaud in June, at Dunolly in June and September, at Bendigo in all three sample 
dates and at Rushworth in June (Table 7.5).  Post hoc tests revealed that in Dunolly, 
one forest stand consistently had a greater mean flower cover than all other forest 
stands, and that this was the only stand significantly different from other stands 
(Tukeys h.s.d.).  In the St. Arnaud, Bendigo and Rushworth blocks, there were 
several stands that showed significant variation from other stands in mean flower 
cover (Tukeys h.s.d. post hoc test).   
 
The differences between forest stands in mean flower cover at each sample date 
(month) are shown in Figure 7.6 and reveal marked variation between sample dates 
in mean flower cover (Fig. 7.6).  The majority of stands had the greatest mean flower 
cover in June, but there were exceptions with some stands peaking in April or 
September (Fig. 7.6).  
 
Table 7.5: Results from one-way ANOVA for 
differences between E. tricarpa forest stands in mean 
flower cover in each of four forest blocks on three 
sample dates in 1998.  Significant values (p<0.05)  
shown in bold.  
 
Forest block Sample month F p 
St. Arnaud April 1.18 0.33 
 June  3.99 0.0001 
 September 0.68 0.71 
Dunolly April 0.83 0.56 
 June  6.89 0.000 
 September 5.55 0.000 
Bendigo April 2.20 0.02 
 June  9.92 0.000 
 September 4.00 0.0002 
 September 1.40 0.20 
Rushworth April 1.78 0.10 
 June  3.32 0.002 
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Figure 7.6: Comparison of mean flower cover between forest stands at 
three sample dates.  Flower cover was a measure of the percentage of foliage 
covered in fresh flowers.  Error bars are one standard error.   
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d). Rushworth 
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ks (Table 7.6).   
arge trees were not uniformly distributed among stands across the region.  For 
xample, St. Arnaud had between zero and seven large (>60 cm DBH) trees per 
transect and three stands (pooling all transect data) with only one large tree.  Dunolly 
had b e 
tree. es 
 one stand.  Rushworth had between zero (n = 7 stands) and nine large trees per 
tand, with two stands having seven large trees.   
1.2 Individual trees 
 
There were obvious, highly significant differences in the percentage of trees in each 
size - class in each forest block (Table 7.6).  For all forest blocks, there were 
significantly more very small (5-20 cm DBH) and small trees (>20-40 cm DBH) 
compared with medium (40-60 cm) and large (>60 cm) trees.  For all forest blocks 
combined, very small and small trees dominated the forests at over 80% of all trees 
(Table 7.6). This compared with 16% of trees in the >40 -60 cm size - class, and 
3.6% of large trees >60 cm DBH, overall in all forest bloc
 
L
e
etween zero and eight large trees per stand, and two stands with only one larg
 Bendigo had five stands with no large trees, and a maximum of five large tre
in
s
 
 
Table 7.6:  Percentage of E. tricarpa trees in each size - class sampled 
along transects in each of four forest blocks.  Results are for the sample 
in June, but those for other sample dates were similar. Values are 
percentages of trees in each size - class, with numbers of trees sampled in 
all transects combined in parentheses.  
 
 Tree size - class (cm DBH) 
Forest block  5 - 20 >20 - 40  >40 - 60  >60 cm 
St. Arnaud 43.0 (331) 39.5 (304) 13.5 (104) 4.02 (31) 
Dunolly 47.5 (549) 36.7 (425)  12.1 (140) 3.72 (43) 
Bendigo 27.4 (251) 58.4 (535) 12.8 (117) 1.42 (13) 
Rushworth 48.2 (1321) 42.4 (1161) 11.3 (629) 2.4 (132) 
Total  40.3 (2452) 39.9 (2425) 16.3 (990) 3.6 (219) 
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wering across the four forest blocks on each sample date (df = 3; April, χ2  = 
38; June, χ2  = 30.5; September χ2  = 777, p<0.001). Significantly fewer very small 
ees 5-20 cm DBH, and significantly more trees in each size - class >40cm DBH 
owered than if the frequency of flowering was distributed evenly across size - 
lasses.   On each sample date, the percentage of trees in flower increased with 
increasing size - class (Fig. 7.7).  For example, at peak flowering in June the 
percentage of trees flowering, in ascending order of size - class, were 31%, 66%, 
77% and 85%, for all forest blocks combined (Fig. 7.7).   
 
 
 
There were highly significant differences between size - classes in the percentage of 
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Figure 7.7:  Comparison between four size - classes of trees and the 
percentage of trees flowering on each of five sample dates for all forest blocks 
combined.  Size - classes of trees based upon centimetres diameter at breast 
height (DBH). 
 
 
There were significant differences between size - classes of trees in mean flower 
cover score per tree for each sample date for all forest blocks combined (one - way 
ANOVA; April F = 4.54; June F = 71.8; September F = 12.3, p< 0.01) (Fig. 7.7). 
Post hoc tests revealed that in April, trees >20 - 40 cm DBH and >40 - 60 cm had 
significantly greater mean flower cover than very small trees 5 - 20 cm (Tukeys 
h.s.d. post hoc test).  In June and September, trees in each size - class >20 cm DBH 
had significantly greater mean flower cover than trees 5 - 20 cm DBH, and trees >40 
cm DBH had greater flower cover than trees of >20 - 40 cm DBH (Tukeys h.s.d.  
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post hoc test).   There was a general trend for flower cover to increase with 
.8).  For example, at peak flowering time in June, mean 
.  Trees 5 - 20 cm had 
increasing size - class (Fig. 7
flower cover, in ascending order of  size - class, was;  1.1, 1.6, 1.9, and 2.3.   
 
For the trees that flowered, large trees (>60 cm) had a significantly greater 
percentage that had intense floral displays of ≥ 50% of the foliage covered in flowers 
for all sample dates combined (χ2 = 41.97, df 3, p < 0.0005)
0.07% of trees with flower cover ≥ 50%, for trees >20 - 40 this was 1.5% , trees > 40 
- 60 cm had 1.6% and for trees >60 cm there were 5.4% of trees with flower cover ≥ 
50%.   
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Figure 7.8: Comparison between four size - classes of E. tricarpa trees in 
mean flower cover on each of five sample dates in 1998 for four forest blocks 
combined.  Mean values are for those trees that flowered only.  Error bars are 
one standard error.  
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2. Rushworth study 
 
For three years; 1997, 1998 and 1999, at around the peak flowering time for E. 
tricarpa, twenty forest stands were sampled in the Rushworth Forest block.  An 
average of 1,967 (s.e. 255) trees was sampled across the three years.  There was 
marked variation in the percentage of trees that flowered across Rushworth forest in 
each year; 6.8% in 1997, 54.8% in 1998 and 10.0% in 1999.  
 
Five forest stands were sampled in each of four geographic areas; ‘north’, ‘central’, 
‘south’ and ‘south-west’ in each of three years.  There was a significant effect of year 
and a significant interaction between year and geographic area, but no significant 
effect of geographic area, on the mean percentage of trees flowering in each forest 
stand (two - way ANOVA; Year F = 65.8, p < 0.001; geographic area F = 2.43, p > 
0.05; interaction, F = 3.56; p<0.01; Arcsin transformed data). The effect of year was 
marked, with a significantly greater percentage of trees flowering in 1998 compared 
with 1997 and 1999 (Tukeys Post hoc test).   
 
The significant interaction between year and geographic area was analysed further.  
In 1997 there were significant differences between geographic areas in the mean 
percentage of trees flowering (one - way ANOVA; F = 6.2, p < 0.01) but not in 1998 
(F = 2.0;  p>0.05) or 1999 (F = 1.3;  p>0.05).   
 
The spatial variation in mean percentage of trees flowering each year in each 
geographic area is illustrated in Fig. 7.9.  In 1997, flowering was only in the ‘north’ 
and ‘central’ areas of the forest, whereas in 1998 and 1999 flowering occurred in all 
geographic areas (Fig. 7.9).  The areas with the greatest percentage of trees flowering 
was in the ‘north’ and ‘central’ areas in 1997 and 1999, whereas in 1998 the ‘north’ 
had the lowest mean percentage and the highest was in the ‘south’ (Fig. 7.9). For 
each geographic area, the greatest percentage of trees flowered in 1998 and the least 
in 1997, except for the central area for which it was in 1999 (Fig. 7.9).   
Colour Key: % trees flowering in each area 
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 7.9:  The percentage of trees flowering in each geographic area ‘north’ (N), ‘central’ (C), south (S) and ‘south-west’ (SW) in 
orth Forest in three years. Not to scale. 
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3. Nectar study 
 
Nectar volume was sampled from a total of 777 flowers, from five trees at each of 
three sites in April (n = 178), June (n = 300) and September 1998 (n = 299), in 
Rushworth Forest.  Sample sizes were less in April because of the lack of obtainable 
fresh flowers (i.e. few low-hanging flowering branches), leading to fewer than 20 
flowers sampled per tree.  
 
Temperatures were relatively low on each sample date.  From dawn to completion of 
nectar sampling, temperatures ranged from; 5-100C in April (fine and sunny), 8 - 
110C in June (fine but foggy), and 10-140C in September (overcast with some 
rainfall).    
 
No nectar could be extracted from twenty-nine flowers (3.7%).  Mean nectar volume 
for flowers that had extractable nectar (for all sample dates combined) was 14.3 (s.e. 
0.5) µl.  There was little variation in mean nectar volumes each month; April 14.9 
(s.e. 1.2) µl, June 14.3 (s.e. 0.8) µl and September 13.8 (s.e. 0.8) µl.   
 
There was a significant effect of forest stand on mean nectar volumes (Table 7.7).   
One forest stand had a lower mean nectar volume than other stands; 8.8 µl (0.4) 
compared with 16.1 µl (1.6), and 17.8 µl (1.5).   
 
The interaction term was significant suggesting that forest stands are inconsistent in 
relative nectar volumes.  This inconsistency can be seen in Figure 7.10.  For 
example, in April and June, Site 1 had the lowest mean nectar volumes, whereas in 
September it had the second greatest (Fig. 7.10).   
  
Table 7.7:  Two-way ANOVA results of the effects of 
sample date and forest stand on mean nectar volume.  
(Log10 transformed data).  Significant values shown in 
bold. 
 
Source of variation  F p 
 
Sample date 0.69 0.55 
Forest stand 8.03 0.000 
Sample date x Forest stand 4.58 0.001 
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Figure 7.10: Mean nectar volume (µl) from flowers of E. tricarpa trees at 
each of three forest stands in Rushworth Forest, at each of three sample 
dates.  Error bars are one standard error.  
 
 
 
There were significant differences between trees in mean nectar volume at each 
sample date (p < 0.001; April F = 7.01; June F = 5.34; September F = 3.0).  The 
marked variation between trees is shown in Figure 7.11.  In April, the range of mean 
nectar volumes per tree was 5.4 - 50.3 µl, nearly a ten-fold difference.   
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Figure 7.11: Comparison of mean nectar volume (µl) of flowers between 
five trees at each of three sites on each of three sample dates (months).  
Values are means, error bars are one standard error.  The trees at a site were 
not the same on each sample date.  
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There were large differences in nectar volume between flowers (Fig. 7.12).   For the 
flowers that had extractable nectar, volumes ranged from 0.65 - 116.4 µl in all 
sample dates.  Nectar volumes in flowers on the same tree also varied greatly. For 
example, nectar volumes on one tree ranged from 4.4 to 40.9 µl, a ten - fold 
difference, and from 1.35 to 113.7 µl on another tree, nearly a hundred - fold 
difference.  There was no apparent trend for flowers to have either more or less 
nectar at the start or finish of sampling (Fig. 7.12; note that nectar volumes in flowers 
on the graphs are shown from the earliest flower sampled (left) to the latest flower 
sampled (right)). 
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Figure 7.12: Nectar volume (µl) of E. tricarpa flowers (each graph represents 20 
flowers on one tree) in each of three months in 1998.  A random selection of twelve 
trees shown from a total of 45 trees sampled.  Nectar volumes in flowers shown in 
order of sampling, from early morning (left) to late morning (right).   
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Coefficient of variation for all levels studied 
The coefficient of variation at each level of the study is shown in Table 7.8.  It can be 
seen that as the scale of measurement increases, the variation increases, except for 
nectar in flowers and trees, which were equally variable.   
 
 
Table 7.8: Coefficients of variation of percentage of 
trees flowering and nectar volumes for each spatial scale 
studied.  Values are for all sample units and all sample 
dates combined (e.g. four forest blocks on three sample 
dates). Note that ‘geographic areas’ is for Rushworth Forest 
only.  
 
Spatial  scale Coefficient 
% trees flowering   
Forest Blocks 2.37 
         Geographic areas 1.64 
         Forest stands 1.32 
Nectar volume  
         Forest stands 4.39 
         Trees 0.95 
         Flowers on trees  0.95 
 
 
 
Discussion 
 
This study has revealed marked spatial variation in E. tricarpa flowering patterns at 
several spatial scales; regional distribution of E. tricarpa, forest blocks, geographic 
areas within a forest block, forest stands, and individual trees of different size 
classes. Nectar volumes differed between stands, individual trees and flowers. There 
was temporal variation in E. tricarpa flowering patterns, but not at all levels studied.  
Peak flowering was in June for all forest blocks.  For forest stands, peak flowering 
was in June for the majority of stands but also occurred in April and September for 
some stands.  The percentage of trees flowering at peak time varied between three 
years.  Nectar volumes were similar early, mid- and late- flowering season.   
Interaction terms were often significant suggesting that heterogeneity of floral 
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resources is further compounded by inconsistencies between forests, stands and trees 
in the relative abundance of floral resources within a flowering season.   
 
The factors that have lead to the observed spatial and temporal heterogeneity in 
flowering patterns are likely to be complex, and a result of interrelated 
environmental, edaphic, and tree-specific factors, among others (Chapters 3 – 6).  
Also, the processes that have lead to the observed patterns are likely to vary 
depending upon the spatial and temporal scale examined. Each scale of this study 
will be discussed separately. 
 
Flowering of E. tricarpa trees was patchy across the region in 1998. Even at peak 
flowering time less than 50% of trees were flowering.  This is in contrast to the 
individual tree study where 98% of marked E. tricarpa trees flowered. The 
differences in results reflect the heterogeneity of flowering that varies with the scale 
of study.  As 1998 was a ‘good’ flowering year (Chapters 2 & 3), then this 
demonstrates that even in good years relatively few trees flower across the region.   
 
Despite the spatial patchiness forest blocks commenced and ceased flowering on the 
same sample dates.  All forest blocks had flowering trees in April, June and 
September, but not in January or December 1998. This suggests that there is an 
advantage in the species flowering at this time. A major evolutionary selective force 
in the synchrony of flowering at the geographic scale could be the need for E. 
tricarpa to attract and maintain pollinators at a time when the majority of trees can 
contribute to the genetic population (see Feinsinger 1983).   
 
The synchrony of flowering of E. tricarpa across the region attracts large number of 
blossom-feeding birds (Bennett pers. comm. 2001).  However, the spatial patchiness 
of flowering at all levels within the region probably explains the dynamic 
movements of birds between and within forest blocks during this time (Chapter 8).   
 
 
All forest blocks were similar in the temporal distribution of flowers, in that all had 
flowering trees in April, June and September only (Fig. 7.3).  However, there were 
signficant differences between sample dates in the mean percentage of trees 
flowering and mean flower cover (Tables 7.2 & 7.3).  Therefore, within the 
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flowering season there was temporal variation in the distribution of flowering trees 
and flowers.  
 
There were significant differences between forest blocks in the spatial distribution of 
flowering trees. The mean percentage of trees floweirng differed between blocks on 
each sample date.  The lowest mean was for St. Arnaud in April, with less than 10% 
of trees flowering and was the greatest Bendigo in June with a mean of 60% of trees 
flowering.  
 
The spatial distribution of flowers varied significantly between forest blocks and 
sample dates.  Peak flowering intensity was recorded in June 1998 for all forest 
blocks.  This result is similar to that found for the marked, individual tree study in 
that year (Chapter 3).  Generally, there was a greater intensity of flowering across 
forest blocks in September than in April.  As 1998 was a ‘good’ flowering year, then 
the greater intensity of flowering in September displayed by all forest blocks may be 
a result of continued favourable conditions for bud and flower retention throughout 
the relatively extended flowering season of that year.  As this occurred across the 
region then this appears to be a result of climate rather than local weather conditions.  
 
However, there were also differences between forest blocks.  Generally, western 
forests (St. Arnaud and Dunolly) had fewer trees flowering, and trees flowered less 
intensely, than those in the eastern forests (Bendigo and Rushworth) in 1998.  This 
may relate to different environmental or edaphic conditions of each region. For 
example, lower rainfall and higher temperatures (on average) in the western forests 
could lead to differences in water and nutrient availability, and ultimately, fewer 
resources available for reproduction.  However, data from multiple years are required 
to determine if the pattern of greater resource abundance in eastern forests is 
predictable, and if so, then the processes that may have lead to the observed patterns 
can be investigated.   
 
There was temporal variation in the distribution of flowering trees and flowers 
between forest stands.  Not all stands had flowering trees on each sample date.  
Forest stands could have the greatest percentage of trees flowering in April, June or 
September, although for the majority of stands this occurred in June (Table 7.4; Fig. 
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7.5).  In April there were stands that had no flowering trees, in June all stands had 
some flowering trees and in September, there were again some stands without any 
flowering trees.  At this level then, there was temporal variation in the timing of the 
commencement and cessation of flowering.  This may be due to genetic differences 
between stands, which results in heterogeneity in the timing of flowering at this level 
(Griffin 1980). Trees within stands are likely to be more closely related than trees 
from different stands and therefore natural genetic variation among more distant trees 
may result in differences between stands in the timing of flowering.  There is 
published evidence that tree flowering patterns are not randomly distributed but that 
adjacent trees are more closely matched for flowering time than for those that are 
widely separated (Florence 1964; Griffin 1980). 
 
There were signficant differences between stands in the percentage of trees flowering 
within each forest block on each sample date (Table 7.4).  Percentages of trees 
flowering ranged from 0 – 62% in April, 2 – 88% in June and 0 – 70% in September.  
This spatial variation in the distribution of flowering trees was increased by the 
variation in the flower cover of trees (Table 7.5).  Mean flower cover was 
significantly different between forest stands in June in all forest blocks and varied 
markedly at all sample dates for each forest block (Fig. 7.5).   
  
Forest stands may vary in the percentage of trees flowering because of site-specific 
factors that affect the flow of moisture and nutrients within the stand, such as: 
topography, (e.g. steeper sites may retain less moisture); aspect, (e.g. northern sites 
are subject to more direct heat, and therefore possibly greater soil moisture deficits); 
soil conditions (e.g. water holding capacity); and degree of disturbance (e.g. greater 
disturbance may lead to less leaf litter and therefore more water runoff and less 
nutrient return) (Attiwell 1975)).  However, Law et al. (2000) found no site - based 
environmental conditions, including disturbance, related to flowering patterns.  
Similarly, Banks (2001) found significant differences between local populations of 
E. microcarpa in flower abundance, but differences were not consistently associated 
with rainfall zones, land use, or mean soil compaction. Obviously, more research is 
required to determine the factors that affect flowering patterns at this scale.  
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At the level of forest stands, heterogeneity in flowering patterns is unlikely to be due 
to variation in climate or local weather conditions, as it is unlikely that rainfall 
patterns vary consistently between stands.  This is evidenced by the lack of 
concordance between adjacent flowering stands in flowering patterns (Figs 5.4, 5.5 
& 5.9; note that generally stand numbers relate to proximity, e.g. stands 1 & 2 are 
closer than stands 4 & 8). Therefore, other factors that may have lead to the observed 
patterns need to be considered.   
 
There were highly signficant differences between size classes of trees in the in the 
percentage of trees flowering and mean flower cover (Figs 7.7 & 7.8). Larger trees 
(>40 cm DBH) were significantly more likely to flower, and have a greater 
abundance of flowers than smaller trees.  These results were also found in the 
marked tree study (Chapters 4 & 6). The reasons for the differences between size - 
classes of trees in flowering patterns are likely to relate to the influence of tree size 
on the ability of a tree to capture, maintain and utilise water and nutrients, among 
other resources (Keith 1997) (as discussed in detail in Chapters 4 & 6).   
 
There were significantly fewer large trees compared to smaller trees in all forest 
blocks, suggesting that the ‘natural’ spatial patchiness of flowering among forest 
blocks, geographic areas within forest blocks and forest stands, has been further 
increased by changes to forest structure. The loss of larger trees in these forests (ECC 
1997) has lead to fewer trees flowering, and fewer large floral displays (i.e. fewer 
trees with ≥ 50% flower cover) than was likely to occur pre-exploitation.  Therefore, 
blossom-feeding birds are confronted with a highly patchy resource.  
 
There was marked variation in the distribution of flowering trees across Rushworth 
Forest between the three years, 1997, 1998 and 1999.   There were signficant 
differences between years in the percentage of trees flowering at peak flowering time 
(see Results).  Flowering patterns over the three years matched that observed for 
marked trees (Chapters 2 & 3), such that 1997 was a ‘poor’ year, 1998 a ‘good’ year 
and 1999 an ‘average’ year.   The differences between years in flowering patterns 
may be due to changes in climate at broad spatial and temporal scales (e.g. years of 
above or below average rainfall for south-eastern Australia due to El nino or La nina 
years).  This would result in differences between years in soil moisture deficits, and 
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consequently the availability of water and nutrients, and the resources available for 
reproduction (as discussed in Chapters 2 & 3).  
 
There was temporal variation in the distribution of flowering trees within geographic 
areas within Rushworth Forest (Fig. 7.9).  The total percentage of trees flowering 
varied between years.  Temporal variation was also seen at the level of geographic 
areas within Rushworth, where each area varied between years in the percentage of 
trees flowering.   
 
A striking result was that found in 1997, where only trees in the northern areas of the 
forest flowered.  In the following year, the entire forest had relatively many trees 
flowering, and in 1999 flowering was again across the entire forest but fewer trees 
flowered than in 1998.   There was also variation in the percentage of trees flowering 
between geographic areas in that in 1998, unlike the other two years, the north of the 
forest had the least percentage of trees flowering.   Therefore, each year, blossom-
feeding birds are confronted with a patchy resource that is unpredictable in its 
distribution throughout the forest.   
 
The reasons for variation between geographic areas could include local weather 
patterns, which could lead to differences in rainfall patterns at the level of geographic 
regions of the forest, and therefore variation in resources available for reproduction.  
There is evidence that rainfall does vary at the level of areas within the forest, as 
rainfall from nearby towns can vary greatly between years and between months 
(Bureau of Meteorology 2000).  For example, in 1997, a poor flowering year for the 
south of the forest, in February, Rushworth in the north recorded 18 mm compared to 
0 mm at Heathcote in the south (Bureau of Meteorology 2000).   
 
A longer-term study would be required to determine if there were correlations 
between local weather patterns at the level of geographic areas within forests is a 
major factor in determining flowering patterns.  However, as for all other scales of 
this study, the processes that lead to the observed patterns are likely to be complex 
and include a range of interrelated environmental and biotic forces.   
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Nectar study 
 
The standing crop of nectar varied at each spatial scale; between forest stands, trees 
and flowers (Table 7.8; Figs 7.10, 7.11 & 7.12).  The only other known published 
study that has included a measure of nectar volumes for populations, plants and 
individual flowers on plants was that for an annual herbaceous species; Impatiens 
capensis (Lanza et al. 1995).  Lanza et al. found no significant differences between 
populations, plants or flowers in mean nectar volume.  The differences between that 
study and this may be due to differences between species and/or the design of 
collecting methods. Lanza et al. (1995) controlled for nectar depletion by foragers 
and for environmental conditions, which were not fully controlled for in this study.  
 
Factors such as the age of flowers and ‘bagging’ flowers so that they were not 
depleted of nectar would have provided more conclusive results.  However, the large 
sample sizes used in the study should result in a decrease in variation due to these 
factors.  The results are probably confounded by the activity of nocturnal pollinators 
but it is the variablity in nectar standing crops as encountered by birds that was of 
particular interest in this study. 
 
In general the study of nectar production is complex, and the methods used to collect 
nectar from flowers have been diverse. Therefore, it is difficult to assess whether 
observed variation (or no variation) between study species is due to collection 
methods, or actual variation in nectar volumes, or related to interspecific differences 
in nectar secretion. In studying nectar, the distinction also needs to be made between 
assessing nectar volumes, standing crops of nectar and evaluating nectar production. 
Nectar volume can be assessed at a single point in time whereas nectar production is 
evaluated over a period of time, and a myriad of factors can affect the results for each 
of these collection methods (e.g. humidity, diurnal and nocturnal foraging).   
However, similar to this study, most studies have found significant variation among 
flowers on plants, and between conspecific plants, in nectar volumes (Baker and 
Baker 1975; Hainsworth and Wolf 1976; Carpenter 1976).  
 
There were significant differences between forest stands in mean nectar volumes. 
(standing crop). This variation may be due to the distribution, foraging behaviour and 
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abundance of diurnal or nocturnal blossom-feeding fauna.  Foragers may 
preferentially feed in areas of large, intense floral displays (Paton and Ford 1983) and 
this could lead to variation between stands in mean nectar volumes (standing crop) if 
some stands contain larger displays.  Variation may also be due to site-specific 
factors, such as drainage and topography, which could alter the ability of all trees 
within stands to capture and access water and therefore may affect the ability of trees 
within stands to produce nectar.   
 
There were significant differences between trees in nectar volumes (standing crop).  
Other studies have found both variation and similarity in nectar volumes among tree 
species. Frankie and Haber (1983) found that nectar secretion patterns were different 
for neo-tropical trees. In another study, five cashew (Anacardium occidentale) trees 
did not differ within or among plants in nectar volumes of flowers (Wunnachit et al. 
1992).  In comparison to tree studies, there is much literature on nectar volumes of 
shrubs and herbs (Baker and Baker 1975; and e.g. Asclepias quadrifolia, Pleasants 
and Chaplain 1983; Epilobium angustifolium Galen and Plowright 1985).    
 
Variation among trees in nectar volumes may be due to each tree’s ability to access 
water and nutrients (Percival 1965).  If trees are limited by resource availability to 
the total amount of nectar produced in all flowers, then there may be a negative 
relationship between the intensity of floral displays and nectar production (Heinrich 
and Raven 1972).  Several factors can contribute to the ability of each tree’s ability 
to access water and nutrients (e.g. tree size)(Keith 1997).  It would be of interest to 
determine if there are relationships between tree size, flowering intensity and nectar 
production.  
 
Nectar volumes in flowers showed extreme variation, from no extractable nectar in a 
few flowers and up to 116 µl in one flower.  Nectar volume has been shown to vary 
among flowers for several plant species including several Eucalyptus spp. (E. 
incrasssata Bond and Brown, 1979; E. ficifolia planted in South Africa, Nicolson 
1994), and other plant species (Baker and Baker 1975; Carpenter 1976; Cruden et al., 
1983; Frankie and Haber 1983).    
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There could be several reasons for the variation in nectar volumes of E. tricarpa 
flowers.  For eucalypts, variation in nectar quantity in flowers can vary due to flower 
age, as the timing of nectar secretion can begin at different stages of anthesis 
depending on the species.  The age of flowers was not known in this study and this 
could explain at least some of the variation found.  Secretion has been found to begin 
from immediately post-operculum shed (E. ficifolia Nicolson, 1994), 0.5 days after 
the operculum is shed (E. leucoxylon, Keatley 1999), 1 day (E. polyanthemos, 
Keatley 1999), 2-3 days (E. melliodora planted in Venezuela, Nunez 1977; E. 
melliodora, Moncur and Boland 1989), 15 days (E. tricarpa Keatley 1999) and 19 
days after the operculum is shed (E. microcarpa, Keatley 1999).   Additionally, 
although the flowers in this study were fresh-looking, nectar secretion can cease prior 
to anther dehiscence (E. leucoxylon, E. microcarpa, Keatley 1999).  
 
Variation among flowers in nectar volumes of other plant species has been found to 
be due to several factors, also likely to be relevant to eucalypts.  These include  plant 
features such as flower age (Percival, 1965; Carpenter 1976), flower density 
(Heinrich and Raven 1972), height of flower, and secretion and reabsorption activity 
of nectaries (Baker and Hurd 1968; Frankie and Haber 1983; Cruden et al. 1983). 
These factors were not controlled for in this study and could account for some of the 
variation found.   
 
Variation in nectar volumes has also been attributed to climatic conditions such as  
insolation, ambient temperature (Pecival 1965) and relative humidity (Baker 1975).  
In this study, there is no evidence that temperatures or humidity immediately affected 
nectar volumes as there were no trends for early- versus late- sampled flowers to 
alter in nectar volumes (Fig. 7.12).  However, cut branches of flowers may exhibit 
different responses to changes in microclimates than intact branches (Dafni 1992). 
Additionally, environmental features such as edaphic conditions, exposure (Cruden 
et al. 1983), elevation and soil type (Carpenter 1976) have been suggested to 
contribute to variation in nectar volumes among flowers.   These were not controlled 
for in this study.  
 
Variation in standing crops of flower nectar volumes among plants is most often 
attributed to foraging behaviour of nectarivores (Baker and Baker 1975; Feinsinger 
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1983). Nectar production can be relative to pollinator activity such that it may be 
reduced or ceased when pollinators are inactive (see reviews by Frankie and Haber 
1983; Cruden et al. 1983).  Pollinator activity such as removal rate of nectar by 
visitors, and foraging behaviour, can also lead to variation.  For example, 
Zimmerman (1981) found that bumblebees foraged in such a way as to create areas 
of flowers on plants with large volumes of nectar (‘hot-spots’) and other areas of 
flowers on plants with relatively low volumes of nectar (‘cold-spots’).  Therefore, in 
this study, previous foraging behaviours of nectarivores may have lead to ‘hot-spot’ 
or ‘cold-spot’ flowers being selected and this may have resulted in differences 
between trees in nectar volumes.   
 
Although several factors that can affect nectar volumes of flowers were not 
controlled for in this study, the main aim was to assess the variation in nectar volume 
that would be encountered by diurnal nectarivores.  Clearly, blossom-feeding fauna 
are confronted with a highly spatially variable nectar resource.  
 
Nectar volumes were similar at each of the three sample dates at approximately 14 µl 
in April, June and September.  This suggests that while the volume of nectar varies 
greatly among flowers, trees and stands, due to random or other sources, there is a 
physiological/ ecological underlying consistency in nectar production for E. tricarpa.  
This may include some limitation imposed upon trees in the amount of nectar able to 
be stored in flowers (e.g. morphology of flowers). Limitations may also be imposed 
on the nectar crop of flowers on trees.  For example, although marked variation was 
found in mean nectar volumes between trees in a sample of 20 flowers from each 
tree, a measure of the nectar volumes in all flowers on each tree may show that trees 
are similar in total nectar volumes.   A study that measures several flowers, from 
various parts of the canopy of a tree may help to elucidate whether there is 
consistency among trees or stands of trees in total nectar volumes.    
 
The consistency in the overall nectar volumes produced at each sample date suggests 
that there is no peak of nectar production at a particular time within the flowering 
season of E. tricarpa (i.e. as in June for the percentage of trees flowering and 
intensity of flowering). There is no reason to suspect that each flower/tree/stand of 
trees would have more nectar at a particular time within a flowering season as 
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pollinators need to be attracted and maintained throughout a species’ flowering 
season.    
 
The marked variation in nectar volumes of E. tricarpa flowers, together with the 
variation between trees in flower cover, is likely to promote movements of 
pollinators between trees as they search for nectar. Variation in nectar volume 
between flowers and between trees is important for outcrossing plants because of the 
need for a plant to attract pollinators while also ensuring movements between 
flowers and other conspecifics (Heinrich and Raven 1972; Waser and Price 1990; 
Feinsinger 1983; Frankie and Haber 1983).  
Chapter 8  
Conclusions 
 
 
The preceding chapters treated aspects of the flowering ecology of seven Eucalyptus 
species in a Box-Ironbark forest. In this final chapter, the implications of the 
observed flowering patterns and floral traits on blossom-feeding fauna will be 
discussed.  A brief discussion of the implications of results from this study for 
management of Box-Ironbark forests will follow and finally, there will be a 
discussion of the conclusions from each chapter.  
The blossom-feeding fauna of southeastern Australia 
A wide variety of birds visit eucalypts in southeastern Australia, and it is likely that 
many birds effect pollination (Paton and Ford 1983).   Honeyeaters 
(Meliphagidae)(Fig. 8.1) and Lorikeets (Loriidae)(Fig. 8.2) are the most frequent 
visitors to flowers but many other species can visit them (Paton and Ford 1983). Few 
if any of the blossom-feeders are exclusively nectarivorous, and most rely on other 
carbohydrate sources such as manna, honeydew and lerp to varying degrees (Paton 
1980).  Some species are resident (e.g. New Holland Honeyeater), while other 
species are flocking and/or itinerant (e.g. Eastern Spinebill (Fig. 8.3) and Yellow-
tufted Honeyeater (Fig. 8.4).  This makes determining associations between 
honeyeaters and the nectar-resource complex. 
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Movement patterns of animals are, at least in part, based upon the spatial and 
temporal distribution of food (Carter and Real 1997). The abundance and diversity of 
carbohydrate sources, including nectar, appear to largely determine the abundance 
and diversity of honeyeaters within an area (Paton 1986). Despite many species 
reliance on a range of food resources, the connection between nectarivore densities 
and nectar production has generally been well established in Australia (Ford and 
Paton 1976; Ford 1983; Pyke 1983; Pyke and Recher 1988).  However, the patterns 
are not always clear, and may be influenced by the species that are studied (Paton 
1980) and/or the scale of the study (MacNally and McGoldrick 1997). For example, 
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there may be little relationship between nectar availability and movements of 
resident honeyeaters (Pyke and Recher 1988  c.f  Pyke et al. 1989) but itinerant 
species probably ‘integrate’ the availability of nectar resources over broader spatial 
scales than most studies consider (MacNally and McGoldrick 1997).  
 
Nectar-seeking imposes a requirement for mobility because of the heterogeneous 
patterns of flowering over large spatial scales (Keast 1968; Chapters 2 - 7).  The 
ways in which species react to this heterogeneity will depend upon character traits of 
birds, such as diet breadth, morphological adaptations, mobility, migratory 
behaviour, and territoriality and aggressiveness (Craig and Douglas 1986; Wiens et 
al.  1987).  These characteristics do not act in isolation and species will display a 
range of traits that combine to lead to variation between species in their reaction to a 
patchy resource (Wiens et al. 1987).  For example, in response to a patchy nectar 
resource, itinerant honeyeaters shift between local resource patches (Collins et al. 
1984; Collins 1985; Pyke and Recher 1988) or may move over larger areas (Ford and 
Paton 1985; McFarland 1985b). Larger nectar-dependent honeyeaters may display 
dominant aggression over smaller, more nectar-dependent species in times of limited 
resources (Tullis and Wooller 1981; Ford and Paton 1982).  Aggression can result in 
greater movements by less aggressive species than if the area were not defended 
(Craig and Douglas 1986; Carpenter 1987).  In yet other species, that are not as 
dependent upon nectar resources, periods of limited resources may lead to an 
increase in diet breadth and little movement (Ford and Paton 1976; Ford and Paton 
1982; Recher 1990).  
 
In southeastern Australia, there are seasonal fluxes of large numbers of nectarivorous 
birds among habitat and regions (MacNally and McGoldrick 1997; Bennett 1999). 
This is likely to be in response to the birds tracking the flowering patterns of 
different species of eucalypts (MacNally and McGoldrick 1997).  Eucalypts are a 
major source of nectar for a wide variety of blossom-feeding birds, but there are 
degrees of reliance on this genus.  This may depend, at least in part, upon bird 
morphology.  In general, there is apparent preferential selection by short-beaked 
Melithreptus and Lichenostomus, for the open flowers of eucalypts.  There are also 
species preferences within the Eucalyptus genus. Large wattlebirds (Anthochaera) 
(Fig. 8.1) prefer Eucalyptus species that have flowers that produce large quantities of 
nectar (Paton 1986). 
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Figure 8.3: Eastern Spinebills are regular visitors to Box-Ironbark forests 
and feed on  the nectar of eucalypts as well as other smaller flowered species.
Figure 8.4 A Yellow-Tufted Honeyeater.  These species can be found in 
reasonably large numbers in the Box-Ironbark forests.229
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Eucalypts and birds of the Box-Ironbark Forests 
In the Box-Ironbark forests nectar-feeding birds display large and small movements 
in response to the flowering patterns of eucalypts (ECC 1997).  Blossom–feeding 
birds move into the forests from other regions particularly during the cooler months 
of late-autumn through winter and early-spring (MacNally and McGoldrick 1997).  
After arrival, birds move within the Box-Ironbark region and within forest patches 
(ECC 1997; Bennett pers. comm. 2001). These dynamic movements are likely to be 
in response, at least in part, to the heterogeneity in the spatial distribution of flowers 
across the region and between forest patches (Chapters 3, 4, 6 & 7).    
 
The significant difference between the summer and winter bird communities of the 
Box-Ironbark region suggest that it is the autumn-winter flowering eucalypts that are 
of major importance to blossom-feeding birds.  The species that are flowering at this 
time are E. tricarpa, E. leucoxylon and E. microcarpa. The Swift Parrot 
preferentially selects stands of flowering E. tricarpa, E. leucoxylon and E. 
microcarpa when foraging in central Victoria (Kennedy 1998).  The preference for 
these three Eucalyptus species is also apparent for many other species (e.g. Fuscous 
Honeyeater, Red Wattlebird) (MacNally and McGoldrick 1997; Bennett pers. 
comm).  
 
E. tricarpa, E. leucoxylon and E. microcarpa may be particularly important in 
providing floral resources for blossom-feeding birds for several reasons.  First, they 
supply relatively large quantities of nectar per flower compared to summer flowering 
species (Chapter 2).  Second, E. microcarpa and E. leucoxylon are particularly 
reliable in the timing of flowering and this may have resulted in some nectarivores 
becoming reliant on these nectar sources (Chapter 3).  Third, E. tricarpa and E. 
microcarpa are relatively widespread and abundant species (particularly E. 
microcarpa prior to exploitation) and therefore have the potential to support large 
numbers of nectarivores.   
 
The three autumn-winter flowering eucalypts Eucalyptus species have characteristic 
flowering traits and this is likely to result in a variety of responses by birds.  
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Preference for E. tricarpa results in birds relying on a resource that is spatially 
patchy across the region (Chapter 7).  Therefore, for birds foraging on this species, 
large- and small-scale movements may be necessary, and these movements are likely 
to change between years.  For example, in 1997, in order to find foraging patches of 
flowering E. tricarpa trees within Rushworth Forest, birds would have needed to fly 
to the north of the forest (Chapter 7). In 1998, birds may have utilised the entire 
forest or preferred central areas where there was a greater abundance of flowering 
trees. Similarly, in 1998, birds may have made larger movements across the St. 
Arnaud forest than within Bendigo because of the natural spacing of trees and that 
there was a greater percentage of trees flowering in Bendigo (Chapter 7).  
 
Because flowering is patchily distributed at several spatial scales: forest blocks, 
forest stands, trees and nectar in flowers (Chapter 7) birds may need to make 
foraging decisions at each of these levels.  As the distribution of flowers also varies 
between and within years and between species, then there is likely to be between-
year and within-year variation in movement patterns.  Therefore, studies that aim to 
determine associations between the movements of nectar-feeders and flowering 
patterns need to consider species’ behaviour and the heterogeneity in resources at all 
of these levels.  
 
Added to the ‘natural’ heterogeneity in flowering patterns is the recent exploitation 
of the forests, which has resulted in the loss of large, old trees (Chapter 6). This loss 
may be particularly significant for the foraging behaviour of birds.  Birds more 
frequently visit and forage for a greater duration in large floral displays (Heinrich 
1979; Paton 1982; O’Hara and Higashi 1994; Harder and Barrett 1996). These large 
floral displays are more likely to be prevalent in large trees, and stands of large trees.  
Small trees are more likely to provide scattered resources (fewer flowers per unit 
area) because fewer trees flower, and when flowering, flower less intensely than 
larger trees (Chapter 6).  These more scattered resources are likely to be less 
available to birds than the same quantity of resources clustered in patches (Wiens 
1989).   
 
Therefore, nectarivores are confronted with a highly heterogeneous resource that has 
increased in patchiness due to habitat fragmentation and the loss of large trees.  The 
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declining abundance of many species may be a result of the increase in this 
heterogeneity due to the loss of large trees and the selective clearing of the more 
reliable flowering species; E. leucoxylon and E. microcarpa. The reduction in the 
spatial and temporal distribution of resources may be limiting, and if so this is likely 
to effect bird behaviours such as movement patterns and aggression (Carpenter 
1983). 
 
Future studies of movements of blossom-feeding birds would benefit from the study 
of floweirng patterns at a range of scales to account for the spatial and temporal 
heterogeneity of floral resources.  In this way, there may be a clearer understanding 
of the ways in which birds are responding to the resource.  
Implications for management: towards a diverse and abundant floral 
resource  
There is much concern in the declining abundance of many nectar-feeding woodland 
birds (Robinson & Traill 1996; Bennett and Ford 1997; Reid 2000). As many 
nectarivores move over large distances, a landscape, regional and interstate approach 
to conservation is required. Public reserves in Box-Ironbark (and any other) forests 
are unlikely to provide the diversity and abundance of Eucalyptus species required to 
sustain the annual needs of mobile blossom-feeding fauna. However, the current 
extent of vegetation on private land may also be insufficient in supporting a diverse 
blossom-feeding fauna.  
 
The Box-Ironbark region is contiguous with the Northern Plains, and it is within 
these plains much of the vegetation has been cleared, with less than 5% of vegetation 
cover remaining (Bennett 1999). Much of the blossom-feeding fauna extant in the 
Box-Ironbark forests can be found moving throughout these plains. These fertile 
plains once supported vast areas of E. leucoxylon and E. microcarpa. As these 
species together flower during autumn, winter, spring and into summer then the loss 
of much of this habitat may be a major factor in the decline of nectarivorous bird 
species. E. microcarpa is a reliably flowering species (Chapters 3 & 4) and 
populations could provide intermediary floral resources until E. tricarpa begins 
flowering (Kennedy 1998).  
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E. leucoxylon appears to also be an important species for nectarivorous birds. In a 
year when E. tricarpa is flowering poorly, E. leucoxylon may be a key species in the 
maintenance of blossom-feeding fauna as it is a more reliably flowering species and 
provides abundant resources. Additionally, the extended flowering season of E. 
leucoxylon may help to support mobile species as they move out of the Box-Ironbark 
region and into summer feeding areas. The importance of E. leucoxylon as a source 
of nectar and pollen is evidenced by the movement of Swift Parrots, which regularly 
return to feed in certain E. leucoxylon stands but are otherwise opportunistic in 
finding feed trees (S. Kennedy pers. comm. 2000).    
 
Much of the areas dominated by E. tricarpa remain (although heavily exploited) 
because it is abundant on dry, unfertile slopes.  E. tricarpa now dominates the Box-
Ironbark forests and may now be considered a key species for blossom-feeding 
fauna.  Management of these forests requires the protection of remnants that contain 
large trees, and future large E. tricarpa trees to ensure a more regular and abundant 
floral resource than could be achieved by forests of small trees (Chapter 6).  Indeed, 
all areas that contain large trees of any species require protection (Chapter 6).  This 
protection is occurring to some extent with the creation of new reserves (ECC 2002).   
 
Together, the three species; E. microcarpa, E. tricarpa and E. leucoxylon, provide an 
abundant and reliable floral resource on which over-wintering blossom-feeding fauna 
have become reliant (e.g. MacNally and McGoldrick 1997; Kennedy 1998).  
Therefore, the revegetation of large areas of these species, particularly E. 
microcarpa, and E. leucoxylon in fertile areas, is important in trying to reverse the 
declines of blossom-feeding fauna.  
 
Regeneration activities to increase the abundance of these species need to consider 
the size and configuration of regeneration patches.  For example, extending the size 
of existing remnants, planting ‘stepping-stone’ patches or corridors through the 
landscape, are likely be of benefit by providing resources and refuge for birds 
moving through the landscape (Bennett 1999).  The planting of large patches may 
reduce exclusion competition from some species (e.g. Noisy Miners Manorina 
melanocephala) (Grey et al. 1997).  The inclusion of private landholders in 
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revegetating with an aim of increasing the diversity and abundance of eucalypts in 
the region is critical to future conservation efforts.  
General Conclusions 
 
This thesis has added to the knowledge of the breeding biology and ecology of a 
Box-Ironbark eucalypt community in particular and the genus Eucalyptus (sensu. 
Lat.) in general.   The study of large numbers of individual trees for each of seven 
species resulted in quantitative data of flowering patterns of individual trees and 
species’ populations (Chapters 3 & 4).  
 
Results from this study varied from generally accepted aspects of eucalypt flowering 
phenology. Eucalyptus species may not be pollinator generalists but display variation 
in floral traits, and that the variation is a result of selective advantage (Chapter 2).  
The advantage may be in the differentiation of pollinator types, as is suggested by 
the consistency of pollination syndromes for the seven Eucalyptus and those found 
for other plant species in other continents (Faegri and van der Pijl 1979; Chapter 2). 
The timing of flowering, at least for the majority of individuals within a population, 
may not be as unpredictable as has been suggested (Chapter 3).  
 
Pollination syndromes may be useful in distinguishing between those species that 
may be predominantly insect - pollinated (E. macrorhyncha, E. melliodora, and E. 
polyanthemos) and those that may be bird - pollinated (E. leucoxylon, E. tricarpa 
and possibly E. microcarpa) (Chapter 2).  Evidence for differing syndromes was in 
the size and morphology of flowers, nectar volumes (Chapter 2) and season (Chapter 
3) and duration of flowering (Chapter 4).  The timing of the movements of potential 
pollinators added further weight to the contention that these Eucalyptus species may 
not be pollinator-generalists. Unfortunately, actual pollinators of any of these species 
are not known.   
 
Future studies of pollination syndromes of eucalypts would benefit from the 
inclusion of half-flower diagrams.  Half-flower diagrams are useful because the size 
of the flower is not necessarily indicative of the amount of nectar that is able to be 
stored in the hypanthium (pers. obs).  Additionally, half flower diagrams provide 
information on the ways in which anthers are spread and therefore whether the 
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flower is open or becomes tubular-like (e.g. the flowers of E. stoatei are functionally 
tubular (Ford and Paton (eds) 1986).   
 
Similarities in temporal aspects of flowering were displayed in mean nectar volumes 
(Chapter 2), the yeardays of flowering in at least two out of three years (Chapter 3), 
and the timing of peak flowering intensity (Chapter 3).  Benefits of these temporal 
affinities could include pollinator fidelity and specialisation, selected for as a result 
of an increased likelihood of outcrossing events and ultimately higher seed set 
(Primack 1985).  A regular flowering season may also be a result of selection against 
hybridisation events, with time acting as an isolating mechanism (Levin 1978).   
 
There was little evidence that limited pollinators were a major evolutionary force 
inducing directional selection in the timing of flowering intensity (i.e. flowering 
curves) (as suggested by Kochmer and Handel 1986; Johnson 1992 c.f McKitrick 
1993) (Chapter 3). Eucalypts may not compete for limited pollinators as only one or 
two Eucalyptus species are flowering at any one time (Chapter 3).   
 
It appears that the timing of flowering of each species has become regular, and 
restricted to a particular season(s) (except E. macrorhyncha) (Chapter 3).  The 
timing of flowering of species’ populations within this ‘restricted’ season appears to 
be tempered by annual variations in climate.  This was evidenced by an overlap in 
flowering times of individuals that flowered each year, even though flowering 
episodes could vary between years by up to 81 days (Chapter 3).  The timing of 
eucalypt flowering is unlikely to be associated with phylogenetic constraints (as 
suggested by Kochmer and Handel 1986) as this genus flowers all year-round.  
 
There was often a site effect on flowering phenology, but there appeared to be no 
consistency among sites.  The variation in flowering phenology at this level requires 
further study as variation among sites is a consistent finding in studies of eucalypt 
flowering phenology. A study has yet to determine why variation may occur at sites 
of similar altitude and soil type.  Indicators of site health, such as shrub cover, and 
the capabilities of sites to retain soil-moisture may prove to be useful in explaining at 
least some of the variation, but the interactions are likely to be complex  (Chapters 3 
& 4). 
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Individual trees displayed marked variation in the duration, intensity and frequency 
of flowering, and the timing of peak flowering intensity (Chapter 4). Within and 
between each flowering season, individual trees were not consistent in flowering 
patterns (Chapter 4).  This appeared to be due to tree-specific traits, particularly tree 
size (Chapter 5), which influences the ability of each tree to access soil moisture and 
nutrients.  Tree health, litter cover, competition from near-neighbours and density of 
nitrogen-fixing shrubs appears to influence each trees ability to access water and 
nutrients, and therefore influences the relative amount of resources allocated to 
reproduction.   
 
Studies of weather patterns at finer scales than annual rainfall and temperatures may 
elucidate strong associations between soil moisture deficits and flowering 
phenology.   The likely associations were evident by three findings.  First, drier 
western forests generally had less intensely flowering trees and fewer trees flowering 
than wetter eastern forests (Chapter 7).  Second, species’ populations displayed the 
same trends in that 1997 was a ‘poor’ flowering year, 1998 was a ‘good’ year and 
1999 was an ‘average’ year (Chapter 4).  Third, trees with reduced competition for 
resources, such as water, (e.g. either by their size, competition, litter cover, etc.) 
were more likely to flower than those that appeared to be less able to access soil 
moisture (Chapter 4).  
 
There is likely to be a complex mix of interacting variables and processes that 
influence flowering patterns.  The combination of variation in climate, weather 
patterns, competition from near-neighbours, microhabitat features, biotic 
associations and tree - specific traits are likely to result in flowering patterns that are 
spatially and temporally patchy.  As these factors vary over time, across the Box-
Ironbark region, within and between forest blocks, forest stands, and trees, then 
variation in flowering patterns is seen at all of these levels (Chapters 6 & 7).   
 
Blossom-feeding animals are confronted with a highly spatially and temporally 
patchy resource (Chapter 5). This patchiness has been increased with the exploitation 
of these forests leading to a much greater abundance of small trees and fewer large 
trees (Chapter 6). The natural patchiness in the distribution of floral resources 
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together with the induced patchiness through exploitation and clearing of forests, is 
likely to explain the characteristic mobility displayed by nectar-feeding birds across 
the Box-Ironbark region.   
 
Future conservation of blossom-feeding animals in Box-Ironbark forests would 
benefit from the retention of a greater number of trees >40 cm DBH, the protection 
and enhancement of existing remnants, as well as revegetation with key species, such 
as E. leucoxylon, E. microcarpa and E. tricarpa.  The unpredictability of the spatial 
distribution of flowering patches within the region (e.g. northern and southern areas 
of Rushworth Forest (Chapter 7) means that all remnants of Box-Ironbark eucalypts 
are likely to be important foraging areas in some years.  
 
Clearly, more data will be required to better understand the flowering ecology of 
Box-Ironbark forests.  The major tasks that lie ahead are: (1) to explore the 
pollination ecology of eucalypts, such as nectar constituents, and the actual and most 
effective pollinators of each species (2) to continue to study the basis for variation in 
the temporal and spatial distribution of floral resources found at every level of this 
study and (3) to determine if and when floral resources become limiting, and the 
effect that this may have on blossom-feeding fauna. 
 
Eucalypts are dominant components of Australian forest communities and provide a 
major source of floral resources for blossom-feeding animals.  For these reasons the 
study of the flowering ecology of eucalypts is not only fascinating, but also 
important in the understanding and conservation of Australia’s characteristic and 
diverse blossom-feeding fauna.   
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